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i%miy @f pr0im6«i ia ga€o3.1niw 
aai «\i3P@plm was m4«rfeak«n wltii two ol> ia aiai» 
fimt ©tej«0tiv« w&s Wa^ of h&lt-'liwm, 
•a«F®r .r&iiftti©a»» wed# ®f aad ^4®©®!' 
s©li,«it® 0f gatolimiiw ®@tlvi%ie«p mi th® ®s®igiM@at wfe®i?® 
p©asibi@ ©f tk«s® ®®tiviti#s tO' th® pFep®i* i.a©'t@|>9 ant 
©I® fiiTifaia i® %M®a fulfill®# in tliat thes® 
whm m%Al0gm4 mmj 15® -ase-d ia: fAp® ®arth ®®pai»a-
titot ®s m ii®n%ifi#®ti«a ©f th® g®i©liaiiM fi»tteti®a. 
Seeoailf^ fkre««a% ®tMtl®s. w®p® i®sigaei t& ol®ar 
mp »©*« <l®fe®t«a point# la i»«g®i»4 t© ®tti»®]pi'iiii aetiviti®#* 
It *&s li®p®t Ifest #©M® a®il®w»®a% ©f i*a€i®tioas and balf-
liv@s ©ottlt b® m&Am l>f tli® e'dapaipis^a ®f i.®mt»r®a and 
a®«it^@a pF©te®«i ®mi»©pi«ii aotiviti®®. 
It ab©ali to®- p@iat;®4 ©mt at thi® ti«® tliat trinarilf 
tti®i® ®tMii®s 4»al wit& luag-livsi &®tiviti®» altls©ii|^ , 
tw0 «h.opt-li*«il activities wef® investigated. 4® th® 
»ifflpl®s w®r® irradiatet ®itk©i» at Ai-goiia® lational Iialtopa-
0w dak li-ig®, lialf l^iv®® -©f the ®i»dei» ©f a f-®w hows 
&p l®st «®mld a®t.%«. ©©av«ni®ntlf studied fe®@atts® of tM® 
time lnt®Fval b-®tw®®n th® ®ad -of li0*baj»iii«at and the i?®-
«®i-vlag #f th® «aapl®» 
-2 
Wim this ittwstigatiun w»s iaforaiatioii 
rtgariSing, ttit a@tltlti®s w«.s sommhM% 
a«ag®i», 4 i0'af-l£v«4 a«ate,i?®a*iaimeei fa4©liiil'im activity 
haa a»siga®d os %ii,« 'latasis ®f vmsB sp@®%y®-
gf«pM@ A ia4©ilnima preteeet ia 
4#m%«i»©a , ©«i»0pi» feLHd &X»0 to®«i tentalivftlf 
aasign®fi to it» fill# «@tlvitf wa# l©ng-ll*®ii I«itli®i* 
th# *#€© ©f &&mf mm ®f laittei partiel.®® of %h* 
l©iig«liir«€ attutrea-inimeiii.'gaieliaiii* antivity liai 
stmAi«€* ®iia l®ag-l,iT»t gaaoliaiia aetl'rity womli l>® 
wsafml as,a tyaeay if its M41ati#ii @hai»a@%«i»istie» wer® 
Imeva. farioms half-3.i¥®s, «n®i?gi«s aad assigamtiits hat 
feeen s»®p®rt«i fw th® slioi*t-l.lir#d gai@l.imi«a aeti^ itias-. 
•Ill® tmrofltia, a®tifiti«s .had fe(®ta stuAiai t@ s®aa 
It was im©m tkat beta ant wer® loag-lif®i 
a#tiviti®s aad t&elr i»a4iati» Bpmtwm w%rm mmpt&m* Bi® 
akwt-liirat f#! li®w wa« ir«ll kaewm. 
Ife® pi»©bl,« iav©lT«s th® stmiy ©f gadoliniiiBi 
a«tlTiti®», '^©Ir fealf-liv®s, analgias,' »©€« ©f Aeaay, 
daaay aahwas aiii a®aigin®xita« fabl® I iiits tk® stabl® 
ls#t@p®s @f aaaajpiwi,, anf^pim, ,gaAoli»ii» aat t®i»l»iw* 
,Iit a alow a«mty«i fe©Mba:ri»»iit of gaioliaim, Mi® att@lii®s 
153# 159# «ad I6l a©mli to® .pro#a®®d« Soaaw&at l«sa likely 
is tli® prediieti#!! ©f aa a«ti'f® is®»«r of'a itatol® gad&llnit» 
fMMhM I 
Statel® Isotopes of Bm&wim., 
GadolinitM mA 
m 159 
m ist 15%-15S 3.6© 
m 151 %$% 
m iMi. i%f-iS0 m 
itot©p«# Fast mmtmn aetination ©omit giva @4^^^ .toy aa 
{a, rmmtim m feo^ardai anpopiw 
®.©ttl4 gtt® following gaioliaitia iaotop®# wi-^ tii® 
{i.i 2a) pr@a»sa@i tli® aor® p#@i»abl® for tentaroas with th® 
mm^ of tees® msai, 16 *#*• 
2^151 ^ ^ g ^^1 
g l^5i ^ ^ ^ 
g l^53 ^ ^ ^ j^^ i 
^4^52 iromld aattay fro* th® a«tiv«t«4 stat® to tli® 
.gFomii atat® of m® itatol# fey wisaiom of one ©:p 
a@r® gamia rays. If, mnmwaiom of a ga«a ipay mowt-pmS., 
til® •©liafaetwe'lati# x-ray wliitM womM thaa Is® pf««s®Rt womlfi 
identify tb® aati'Vity aa aa i«««i» of a ttafel® ga€oliaiii» 
la®top®.. m »m,#t teeay to tli® #oi»p®spoaiing 
stall® ®wi»@pliM. laotop® ai^ er liy alattrom eaptmr® or 
-4-
p©al%F@» «iai#sl©3a a ©OMteiaatiea ©f th®s®. p©alfei»©as 
ar# rmM.%w a#t«§t®d hf ampietle 4tfl«©tl©a «x|s®fl®®ats a® 
tfei© »©4a ©f i«©af '©©aid, bt #afe«tolisli®i# 4« a l©iag-llT#i 
.lmAm@@4 gaA@linl*M attivlfey wm aasiga©^ t© 
a «©Mpai?ia©a ©f -th® loag-HTiA gat©,li®iwa asti'Vlty pr©-
©tiFoplw® i$ &t «©*# if th© astivlti#* 
w&m m&% siailai*,' am assigiatal «©mM b« »ai© ©a 
tha feaaia ©f «€la%i©iia ml%t»A hj tea aetifitj.' 
latama® ©f'tli© yadlati©® ®©apl«xi%i#a ©f tiaa ©^©pltw 
aalii^ itlea, the waa ©©ae®i»ii»i *©r« witli a ©^parlsoii 
©f -ib,® activitias'preitttai fef iitmtr©a aad damt«y'©n beabaM* 
aaiit ©f awreplw* tta awepiim asti^-rltlaa ar® pr©im©«4 tm 
tto® f©ll©iirliig waji 
H l^fl 
• + 
•Ml^  4 
4.. 4. r 
• 
.0®.^ r 
If la, tfea a«atjr©a a®tiirati©ii mt a«r©pi»» th® pip©©aas 
fa, fI kia€ a la i^fg®' ®apt»i»@ #3r@ss st®tloa aai th® 
prooasa a wall pr©tea l^3,ll^ .> tli® 
aetiirtty ©f ©©wse^ba ff®i«iaaiit. If ala© smefe a 
protoabilltf #Eist#l. im %&• 4®mtai»©a li©atoai»4ad amj?0pitwi, 
that waa th® tmmm€ aatlflty, e®®paFis©a ©f thesa 
aatlvitias pF©im@®i hj tha tw© illffaramt partielaa w©itli fea 
©f wlm®. la thia idaalitai ©at® it wouli Warn l»® peasifel® 
t® stmif radlatiea, half-liws and I©w«vtF, 
nm9 mn%&. not hm .ma.d» vitanemt a'^ aw# 
iof0Matl©n. It w»a m -ttiis fea»i» ®f tka.t 
m ^wpa^lvm ae%iirlti«:i wm 
ai® tefiuft® @f «.l'l s%mii®a t* tk# pustibllltf 
attlt'f IbiS' ia ®«p®0i&lly tfma in rap® 
tar^a whlato ai»« diffieiilt %m saparat®. 4 rar# aartto 
mntmt&mt im fad©liali« «af a©t tea iataitai' Sfaetr©-
graphlealij temt baeamaa @f tfeia f#asibla larga 
eaftmra tross #«etl©a ®f thia s#at«»iaaat aai »@m« rar® 
aartlia Mt® mttsmalif larg# mmB m& attiiritjr 
whieli aay fe# am apps»#«iabl« par#aa%ag» #,f fk® wli®X# i» la-
trsimead. '&»» is naeaasaipy to ©arafmily pmritj lM-w 
h0vibmr494. matarlal a® tfeat astraaasma aafelvltla® d® n@t 
M»toTt %b« rasttlta* ?#ffeafa tla® aost aen-yaaiaat? aa4'l»#ati 
fm M»pa.mtlmg asi parifftEig mm aarltoia tb® i©a 
®3iebaiig® raairn tmhMiqm* W&ia mmthQ€ wlis wiplefat 
tv^nrntlf ia 14®ii$iflaatl®ii ami »»paratl®ii of a@%if-
itlaa praaaat 1» tba a#mti?Qa |}«»feart®t gaielialtia,. ffe® 
final fmrltf #f thm gaieiinina aafet¥i%i«s is basai ®n t&ia 
ai®i&o4. f&a pwifiaatiem mt amr©piw is ammk&t mit^a 
alnaa atvaataga is takaa of %h& iliral»»t atata to saparata 
awrepiiii frea mmt rara aarl&s. 
umtm Qw hifmkwm 
©f ail t liew aetititir CI J ia aemtip©® 
gaiollaim waa fiTMt ta 1935. A 
of paiim® mxkA. ,prmlA&& %h« a«mts»©iit fof tfe® 
b#«liai»te«it» la. tfea saai# jmmt Swgiaa (2) aavaral 
Fai?® aartaa# whl&h. m®rm pwiflad fey S»' lai»sli# Ctlag 
samtroat tr-m padoa, la qm'aiitl%,la» mp t# X0O alilifiirlaa, 
s«al.®4 la iaall glass tn^m wltls p©wiai»«4 fea l^ltia a® 
aatlvitf was pp@te«ad ts gateilaim# '^iataasa f,t t 0*1 
h&mt «w®plii» a@tt i^t|' was iataatai witM a ®aig«r-*m®llar 
eem%@F. "4l»# a J.f t ©.1 hour aelivltf wa» prodmott la 
tarfeliaa, |ti.«sa aetiTltlaa war® i»«laf#itigat®4 with a 
sty®ag#f» sew®a a ah®i»t ti»« 3ji..|#r C||. Again a© 
aetiTitf was iataetabla la thm gat#,liaiW'» 43.8© la 193f 
aasfliaa? grernp of ia'^ astlgat#^® Cl|.) f©m4 a t o,| hi&m 
aatlfity la gatoMaltta, la teila aseparteiMat a §&Q mllliew# 
•i»a€lw-fetffl.Ii» aam%F#a .•©wa® to9»feai»4a4 l4 «f 
ga4©Xiaiw ©xalata. fha .initial, aati^ilf was 16 @©mfca 
fas* miawfea. Ikaaa awlf amfafteaata lask ®©melmiiir@Baaa 
^©earns« ®f l@w iataaaity ©f ttt® aativlty aat l*pai?i%y @f 
#a«pl®a« Hi® i»a4iw-fe'ai^ lli^  .a.©mfe«« pi»©Ti€«i a lew 
aettti»oa flux, whiafe was a©t aapabla mi a.@tifatlag is©%@faa 
witk a l#w aaptmra «r@@« «a®ii#a# Ikia® Fapii aapara-
ti©a ©f- Faf»a aas*14i fmatloaa af'fear bo«l>.ai»(i«aat somlA a©t 
be a@t»iplislia€ »© tliaaiaal ltaatlfl©ati©a ©f toa aetlflty 
waa iiffiealt. 
7 
jktt®T m intmlM ©f 2 m 3 ©f ©felotrdii 
t® ©fetaln & hi^ mmmtrm flmx t&® study 
®f i*«r« «»tli. a©tivlti#s# f®ol ana Q»lll 15) »©•% 
4«t@@t an 8 astlflty. i» fast or slew m«a%i»0a 
li'railat«t gaioltaiya* ®i.« mmW0m$ wmm pmdmemi. toy tin® 
ll^lw pirns Am%0mm lialf-liv®# ®f 3#S 
miiimt®# aat If w®!*# in tli# .gaiolinim aft®r 
to©tli th0 fast ami sl@w nmtmm |i'©«b*F<iB«itt# lutti aatif"-
lti»s w®!"® aasifati t@ •ffetis a®sigwft®iit was ,s®0«-
imgly Ttriflti hj fast atrntr©® to«baFto«mt of at 
mtlw'ltimM wim lialf*lif#a ©f |.-6 itiamt«« m€ If kewa w«p® 
fQimi. ft# w^mtim prmv^&ing tM«« w#mli fe# Ca, pi 
pfeeasa# fb® 3.6 aiamt® astl^lty d®®ay«i Ira pwt toy 
«iiiiti®ii. <if f©«iti*©ast A, slow aamtfoa l»'€>»bariitt«iit pr®«im@®<l 
a 3*3 aetlyity aailpisi t@ -fhs fallowing 
p*»#0®sa»s w®r« mmmMng t© the ia"f®stlgat©'FS. 
4 ^ + 2 
^ • a"** 3,.6 alLiitttta 
«3.59 ^ n,l59 • 9- s.f aiin, 17 
SNralmatle^n ©f l&is woylte it s©a®«li«t Atffieult as lat«i» 
isi¥®3tigat©rs C6) ©Oiuli net tto® a<8tiTitl@a 
toy faat a#mtF©ii te^atowditMat @f tarfetna, l©w«f«r, at 
praaent activities wltb lialf-liTas ©f 3*6 *lamt®a and 
IS hQma: ai»®. aaalgaad t© «id 2»®sp®@tlv®ly C7|. 
Ita# ptssibllitf ®f gadolinitta. toeing pms^nt m m iupwitj 
in tb® l«Ftoiw® aaj b« %li# taswai*#. 
Ei*isl^ «rf» ?#ol aa€ liteisa f6) 110 a@ti.vlty 
was 4»t«©ialJl.@ ia. gatoliaiaia i3?i»atiat0t witli a ^00 ®illl-
mri& jpaA^m-tesjpylliiw s^mm* sXm pm-
imeai hj Iii '¥ aad S# * 3,1^ gav# $,$ day aad IB h&m-' 
aetlfitiaa* B®tfe et thas#' aet4titl«a w«i?« taatatifaly 
asalpatt t© fliafa'wai m#t a fai*«at*tamgiit#r ftla-
tienslilf batwawi tl«, tw# toas«A ©a #atw&ti@a tataiisity 
:rfttl©a« Qf thm^ t# #4^^^ was «©a-
aiiarat mXlkmlj sine# fait nm^wm hmh&r^mAt ©f ffe5'59 
tii met pw&€mm aitii^ -lty. I^at th« aaiigaaaat @f 
tli#aa a«tivltla« was still, la i# avliaasai by a 
papar toy th®®® lan# lii¥«stigat»f Ci.| la iitoi#! IS kew 
attivity 1® aasi^ at to arad tka $*$ iay to 
flia padi&tioas aaittad hj -©lasa aeti¥iti«« ar« ai f©12.®wti 
^141 ©!» ^3.61 1^8 0.05 M»ir # ©.J lair t 
^161 11^^ p I ^ 
Pi»s# ia»« ii5V#8tigat©rs ^©albariai ga4©iimii« witfe iantayoaa 
l>i?@imeiiig $,$ iay aat ?t day a«ti*l%t#s.,. |k# iay 
aetifity has aii?eaiy teaea diaemasai aai waa th©a^t t® h9 
ppodmeai hj a {d,, 11) j».@ii,etiiii|,, jz day 
jLs to@«m ami ii prodmeai. liy a Id,, 2a) 
raaatiom @a It »M©mld ba mt@4. tliat a© long-llvad 
aamtr0» m d«mt®r@m tatma.ad gadeliai'm. aetivitlea wara ra* 
ported. 
Iraalwi liat «mt«(r»«l. thm 
by %M» tla«, " Jktt» * rnmtwm. b©«teaflto«nit la 
pil® at Jwaslitogtmi, a aiiapl® ©f .a%% 
m mm» sp®elr©gtaplii« aaalysit %h® adtlvitiaa 
liat®i in •fmfel# II C9K gai©lijaiw aa€ 
war® fx*#s«it i» %hm saaaifiw aa iaf«ritie»» lb# lialf-livas 
«#tSjaa%«d toy teftipafiiig, int'<ii«i%y #f liaaa pi*©4m©®€ 
m i>liotogi»a|»&l# flataa wl%ii aa astifity ®f a taieiim lialf-
lif®. 'tt® feialf-lif® #f graat®?' tii'Wi ft tays tQv 
wat ©blaiaai liy e®ataj?ii®a with tH® Tt day 
7AS£tS X X 
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IS.% flay a 







i»sfi®w '©f p'i?©dm6«i In pil® 
a«mtr0» tm% •' *ai»^s wns i»tp©^t@4 a sfe©i»t 
lis)* ©3Eii«t of lanth&awi, faisa i^w, gai.®-
3..S,ni« aat' trnv l^mt w«ir» ^ irratlatft'i im fe1^« 0ailc pil# 
im t«r® iioiatha, oonoli*®ioas e€5ns@Fni:iig a«i|iviti»s ia 
04^% ar# iliitti®! fe#tams«. tmropim aad tirfelnit ww# ala® 
ppftstst ami ^aa« w«f« s©t s-tparatM fyoa tk® 
gad#liiiiiai» l®irair@i», a gawa »|r ©f l«f as ataaawaA 
mi%h a Mgaatit wa» a»sigii«4 t® ffela 
astifily was givaa a .i»©m^ half-Ufa «f llO' dayt, 
Aftar ^# • iiiir®3tiga%i#a ©f gaieliaiwi ani aii3^#piiw 
aati?iti®» Jiad fea» itayfeaA im tliia ial>©i»a.t®f'y Iw# otiiai? 
paf#ra f«fai»ii-ng teosal^ aiNteaat #f ga€@liiiiia witk pila a«ii%p©iis 
war# l&a firat pap#i» iaalt witli ali©,rt-liira4 
aati^ itias pi*@€m@ai ia im tka fil® at lai*w®ll, 
mglaat ijh fafel® III givm t&a p«s»%iii«at imfowialioii, 
fi?©» i^s mpm%, Hi® aiMilarttf b«tw«®a «ap%t»® ©F©SS 
saeti©!! f@3r tka lit »«©. aat th© 6,75 day aativitias amg-
g®s%®4 a far®ttt-damgfet%«ip i»»l.ati©a»feip aai aaaigjMeat t® 
@^163. ^161^ Sikawts® Mi® ©r©aa S'«aii©a. .valm® f©if •^® 
XS h&m aativitf piatai this amtlita pather mm 
Wmtmm ast l^ afeaifiai ga€©|.iBi» .tit a©% 
giv® l©»g-liif«i attifiti®!, Ftamlta a.ia®«as#i ia 
tfe# aaaoiit faptf 11,1) ar® i» pm% mfj «l*ilai» %© th©«® 




|^ iae«a ia @111%. 
.lalf-lif® • ^ p ' Y 
218 t '§ !»•#• •• 0«XS' -*• ••• 
IS.O t 0.2 iir# m 1*1 Q*f% mm O.OSf, ©•Ji Mat 
6.tS i O0I a* » • 0»16 0.5t **1?" C»© hai»t«r fJ 
* bami, (10"^^ ©a^) la aatm^al gai®lliiiiM ' ^ 
a® ©f an aetiflty ia aam%ai*@a boafeardtd 
«iu?«pitaai wMeh waa @&««i0alXy tiffapant fpea awoplim 
was flfst @b»®rv«i hj Fajaaa and f®£gt C'12)» Wt%m lairas-
tlgati©n wat ®©ii©®Fa®d wltli alieFt prodmsad la 
tha &®u%mwm b@fflbafd«d la aewi® of 0la«iaal 
pmrlfl®atl©a an a#tiTi%f pi»®a«n% aftar .i»adiati©a ®ould 
fe® s#pai*at;®d twm ««i»©piwa as it was noti ifsdmead m pi»«-
®lpl%at®d^a# a smlfa%«, ^® as%ifi%r ppaalipitat® with 
SttftCS|i©^,)p ia a®id soluttea wMtli t« a r®-
a«tl©n ©f Fai»« «aF^s.' tk® tmrn^Xtf was smell that It 
®®mld net b« m iafiipity# It was fwfeer d®%®iwiii®d that 
til®'aativitj daaajed witli a lial.f*lif® ®f days and 
«iBlssl®B ©f a@gati'if« beta ^ays aad x-i?ay« oi» gaMa 
rays# 
SriSiberi, PO0I ted llted@n |6) |i©»ftjai'd®d l%0t 
aad® m ehaaieal s®parati@ii &i th% a«tifi%l®a. ®iy«® 
®<»ap©ii®ati( w®^® i>f«®s«iit ia tli® d®®ay ©wf® ®f tli® aetif® 
-it-
«Mpl« with li»t#t AS 9.t hemiPS, a miaiam <sf 
71 iays, ami a aiuimw ©f a© fmm* 1$ iay activity 
wai tiiiitftfeifsiy aiaigatd't® <M«3 b«#aa®« th# days was 
l0af«i»' than w®mli l»« tm 1Bi« saa® imwrn.-
tigatora fS) im aii®^®i» pa|>«r assign a toalf-lif® #f 6i iays 
t® the a#tivity» 
lha assi|iiai#at ©f, this l#^-li¥@i $ad#llniw t® 
s««i9d t o  b ®  # # i ? " p © h # i ? a t « €  b y  » a t a  s p # ® t r « g r a p h i ®  m m U  C f ) ,  
4 aamtrea iii4m©»i gai®3.isi«ii netivity with a haif-lif« 
thaa ft dayt was'aasignaA t@ §#^3 {g®@ fahia il), 
'©f tha siai:3.ai'i''ty ia half-lif## it was asa i^Mai 
mut was tha l#iig-liv#€ gai®liaiw« a^^tivity ClJ) 
pi»@#a@a4 fey a (4, la J' raantiea #m Hi# pp i^m^tioa 
®f hy a s i^iallai* pwmm» m would ha poasihla. 
Sine# this stmiy is a©t mmmimmA with tha well kii©wa 
9,2 hom3P th« hist®i»y ®f that aetifity will not h® 
raviawat* Ih® fifat Fafafaata t# a leaf-li tad awopiwa 
aetitity Cl-t yaai»») pjfedmtad hy al#w ii«mtp©a Irradiation 
was by Setoaiahaahargay 111.)* 'fha^ aarly histery ©f tha 
l©ag-liir#d ettr#pit» aativity is raviawad by Fajaas aad 
feigt {12.1 wh# aatia&tad it# half-lifa as 5 - i jmt», 
#he®»!ad its pi?#dmeti@ii hy m,t ^aaetioa aad pr®dm®ad it hy 
Cd, p} i^ aaatiaa as wall* ©tt-aip w®i»kei»s aaasmrad tha daaay 
&i dautaroa h©«has»dad ew«pi*w ©t^a? a period ©f l|. years 
amd asai^ td a Miaiaiai half-Ufa ©f 10 yaars (6)» 
g&«s gp##%r©graplii« «B«lyais ©a pll® irradiated 
iadieafett l^ ng-ilvtd aetiiriti## f®j»«d at aaas«ii l$Z and 
with approxiMataly aqml kaJlf-Miras C15I« lagaati# 
iavaatigation. »hm»4. m datatl&bl# p#sitfom «ffli«si(0®, 
mm. ©r 1^# aiitiTitiaa, iaeay t# m astaao*® extmt 
toy .Cl.6)» l», a iatar fapar <f|, tU® 
feaif-livaa war® at apfreidjaataly $ jempM )»f ©ea-
paria<im'@f 3.1»a iaiaaaitla#ftoet i^rafliie flataa# 
fafela II givat s«® iaf#«ati#a in r«g.a3?d this 
I«at#r th@ aasa iav««tigat®r» (it) with a 
r#fiia«d Immlvlmg a **»§ a^aetf^watar 'and aa i«®t®pia 
dil^ iti#a taatoiqua raftrtad half-lives #f S.3 ittid S.li. yaara 
f#r and raif«ati*@ly« 'iSiaa® raamlta wara ba-
iiatad t® fea- g@®d withis, il 
4 awteer ©I* «e&aar««anta of tha .gaMia ray aaergiaa 
tof® i>@aa »ad# CIS, If, 29, II).. f»a ®f tliaa® grompa ®f 
iafa«tigat@ra Ctl) atatat ^at .al5®ttt 33 aiaatron liaaa 
ara iataetad wiMi a |&#t©grmfhi@ »ii®sati« spaetr©*®tar 
i» tha daaay of tha ®i»©piiw aativitiaa. 4 part ®f a dae.ay 
aahM® was. pr®s»»tad but I4ia mmthera atata a aatiafattory 
a®h«»a wiii te-ata t® wait matil anriehad i8.0t0paa ©f 
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®&®s* #«al« of 6|. countei»» hftT« %h% Itglmtool&'iM trigger 
wM«ii aj?« fmit# paliatel#. »ia rasol^fing tiaa of 
th« OiriMit !»•. lata than fiwa 4 •ttafelllzai" 
kigfe. wltaga mppXf -tafafel.® of gtaaratiag twm 6Q0 to %$QQ 
w&l%» is part of th» mlt, I eonataat wltag® gaaarator 
itt witli tfe#, pmm sttfislf gaf© a wall 
ataMlima# foltaga# 
ialgar-lfaallar tuba# aa4® hj fitt@r#aa lastrm-
»®iit i©*, laiiatios iomtar ta^oratorlas rniA fraear t^h 
war# ms«4 t© %mm% teata aat€ gawa raiia%i©na,. ®a# tuhm 
ware all ©f tlia a»lf-ttt««hl»g tfpa# comtar tmfeaa war© 
salaatat that hai, lass thm $ faraaat iaaraaaa la al©pa 
far 100 ^©Ita aai with a thrashoM ©f lOtO - 110® v®lta a© 
Itiat a smitaUla flataam ®©mlt b« raaehai withla tha liaits 
©f ipia powar amfpiy# Sia '©©mtar tetoaa wara aomtat %n 
laai homalnga t© aialwisa baolcgroimi aomts aai ©ara was 
%aMm t© amslmAa light wham tha tabaa war© at ©paratisg 
potaiitial* fea a&»©rpti®a ©wr^aa, sh©rt half-Ufa aaasura-
maata ai»€ qmaafcitatlfa work war# 4®aa with tha #-l tmhaa 
and aaalars. am mamal ¥a©ligr@«Bi ant ataiitari aawpla 
raaiinga. war© takaa aaah tiaa aa axperiaaatal aaapl© waa 
©©matai^ 
-.X6-. 
411 ©f Iti,# Xmg half-lift t#f« %akm ©a 
a i;»a«pits#B ©f Its rtllafelli'ly omie 
tmg time# A staatet taafla'raai wifeli this 
a #f f yitari kas gltaa itaiitifal 
yaaiiisyis, ffeit iuBtrnmrnt & was fw®lias#i fi»®» 
fps# ©• fh« i#aiaa%i#a eliwia®^ waa $feiamg@t" -feo 
®a« ©jf «a»t • aluiilniM S #«• ©m an ®4g«» It waa atmippai, 
witli tw# flati r««»f.ta©l#a war® filial witti a 4®-
kj4ratittg agaat %© k#«p tiia mlw iaaii® tlia «li-aA#i» 
411 #f tlii iasti»«ai©nts war# kaf% In a aonsfeaat %«ap®ra» 
tmra Ifca @as® waa iaslpiaA s© ^at »aaattip.««Ets 
a©wM b® »aAa fF©a aitlias? fli® %®f ©f ths ioniaa-
tl©m akiab®!'. 4 i®tall«4 4«sei»ipti@a ©f sii©k a ©feaabar 
bas baaa piafeliikai |2t), Bi® nmm part ©f tk® atal® CtO to 
I|,0 diviai©iiaj iraa msad fm' ail a®asiii*«a@iit®* 
imrfay *al®i?# 
4 vaFlatf ©f -smrTey a®t®yf way® aae i^ dwlag tli® im-
ir«stlgati©ii« ®i®8® i»»tFW®at® w«r® ©f ^ralm® la ©Jaeaking 
%%9 pmgP9S9 mi lapayatltn ©Jf i^ af® aartto a©tiirlti@s m 
i©a aaithttig® ©@lwiia aa wall as ehmking glaaswai*a» 
©l©iaaingp ata» I»©w ©aa i^y feata pa.»'%i«l@a m%m gaaaj^ allir 
net talattai baeamsa of ^a wiat©w tMateaas ©f tfe® pfoba 
a© tM® im%m waa tateaa into a«©©mt wtiaa taatiag a©ti¥-
itiaa. 
-If-
A, ®@iaeit«ne« elf«ai,t wa# temilt hf th» «JL«@tronle» 
ahQp ©f tMs lfe« eii»®ull wm aiiillm* Qm 
hf M9»k {23) althougji #(»« war# 
iii60fp®?afe»€» llagr'a*# ©f • fell# ®l««tr®aie a^a glfaa 
la Figwas 1 to€ 2» fea alj^ amit was ia®i®aai with two 
hlghi 'witaga pm^r mppXim s© m&t aat«fe«4 t#ias' 
ware not aaeaaiary* Sitiiraiitloiial aialai^ s way# aBipl©|'«i 
t0 m& pmlsas aimap aiiaaasi.# fmiias Uwetagh 
befell ahannals.as wall as'Ilia ®©iiial4aii#a ©'©tint wai-a Fa^-^ 
e@Mad aiaaitaaaemsly# l^ a «@ia#ii«iiaa ftilaa# wara m» 
aaalai aad raaordad SlFaatlf fej a Ka^tttff i»a©oMaf"# witfe 
a a i^neldaTOa Fata tM« laaa la tfeis msealad eiraait 
w®mld h® aoasliarablai :b®wrairaF, tHa Wgfeait e@laeid«iea 
aannting .i«ta la mf ®f tMa werk waa IQ «/a at whieli 
rata, tha laas la leas tliaa |^^ • 
®aia alfeiill waa Aaalgn-at wltM few Faaalvlag tlaas 
af tit® ©fiar @f O.S* I*®# lo5 2*0 mls'rasaaanaa. fkaaa 
raaalTlag tlaas wara th%& axFaflaaatally Aat®f®iiia4 bj 
tha aafefe©# of latapwiiant aaaflas ^aai famd to tea 0»543» 
l,05t l*k^ ««tA I«§6 ffliaf»®sa@«ta» Im aetkai ©f datay-
»lalag paaalfinf tlaas,. tli# tw® aomtai* tmbaa wara widaXr 
saparatat so as t© «lBl«l«a tli® ehamaa ©f ©aa paytlela 
passing tteaugh bath aemtays. Saaplas wara tfeaa. eamitai 
m tlia tw© akamiala and th.# ai^ ar of a®©ldaiital ©olnal-
*1,$* 
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Fig# 2. fdi? Coin®!-' 
€«!$• aijptmlt »S Chami#lSt 
•20-
ffei« i?®s©itlBg tia® f If Ttlat.si t® tli« 
&<s®iAent«l. toy -fe# fsllewing' tqmtlom 
O^Wmin - >» »• 
wii«r# S|t t»i % ap# tk# #©«»%# |»#r aiamt® 3?««©ra#A ia, 
«kiam®l« I. iai t#, • I if A ©ft#n takea as tw©, 
bmt siaet If ii mw9rtmma%&lXf tli« valm# ®f i ii 
a©t iafW'tamt. It i® aay ®x-
*tts% k® #®w®et«d f'®r- «##i4«atal «®in®l-
li<ia#®#» ®i« r®»«lvi0ig tiaw mm i«%®wiia®# a six 
a©Btli« wd a# irapiati#» gr«al#? tkam, mm rmmn&hl9 
fi»«a »ta|ii«tie« was ci'bawif#!, m utatias 
m gatoliaim aetivltiei, y®«©lirlag tiai® »#%tlag was 
at 2 #06 ml&mBmmu&B* 
fk& #0ia«it«@.t «i»a«i«t* -©f irts alwiawa kox 
with tk® fatiag #ii® aael^ ty, ims®t in tk® 
alwaiaim., §hm% witk a Aiatiya©® ©f t«t «« saparating %li® 
®®«iil®i' wi®4©w», 1&« aimaimm hm i« I.! en wi€#,, 8.|. m 
Mgb and S.f m Img,^ A iatarMsa ©f aaapl® 
flat®® witk tk® a«tiv® »a«pi® i.s #®»1i@r«4 k®-few®« tk® 
lmk®f.. f©il® ©aa hm plmmA hetwem aitk®? «®wiit®i* 
an€ tk® aiapl#. 'Hi® alwinm teon m.4. ®©mt®if asa®i«kl.3r 
i« m a laipger aii«ia«M kas®' m& tk® wkol® 
a®«i«ikl|' is ©•0f8 i^»®a t@ axtluA® li|^ t. 
4 «Mpi® '©f was m#«t %@ iatsawia® tk® f-ray 
®ffi®i®fi©f @f «k0 'Iki# atlifity Aataya ky fek® 
-£1-
a 0.33, k#* f foll0w«4 %y fW9.f» ©f m4 
i..3 lm. mm&a& im$)* jla a«t®r-
»lm#4 ia tia® f©Hewing (16)1 
og - oo f(*) 1t^ 
- o9 (bi + b,) 
o0t " ®o »p \ (bl • b.) 
®py/®p ** *y * ®«) 
4# ^® t-r«« ilsiiifeegra%i®a mt® ami tli® s#Iid mmgX& sub-
und.a br to, e «d t .re 6ly«> b, wp w^. 
fix) 3P#|iF®«®nt« tk9 fm^Hm <3f f-p.aFti®l®s passing tkrowgk 
a l&l«ira®«f X ©f % ami % Ftpfssaat the ®f-
fi®i®n®y tf tH® Y eowat®!** fe® 1.1 «®ir and 1,3 *®ir 
•frmy»0 
,ksp®fia®atallf ,pf • ff mim&mmmm w®»® 4®t®miiii@€ 
*1^ a »®iii»s®. B©tli ©f mlasa w«f® 
f®!? a®«id®ii|al ami bmMg^&m€ ®©ia®ii«a@®a. fli® 0©pi?«et®d 
Pf "ralm® w«# ^®ii #b%al«®€ fsrsa liiese tata. Hi® p&rtl&^nt 
is ,giT®» la fal?l« If» ®i® valm® i»®i»y®s«ats 
iWa® t@tal ®ffi©i»tt®f .Imelmting »©3,li aagl® for teofth f-rayt. 
fal^ i -if-
B«%®mlaati®» ©f fmy Effi®i©a®y 
f.pY+ff)/*ia Yf/aia PY i'p/aia Op/Op 
M,6S O.lfl wak S.ks X 10-3 
-aa-
lat# mm»i$ 
e®»l3iiiati©ja' #f a small ion «»hi«ng« tolwn, elwat# 
^oTOtlag ©#11, aai mmriimg ral# was 
•ms#d ia tai® fk» saall ©©Ima 
11 « l®ag «a4 O.l ©a, 1*B* pa«l£«i witli Sowtx-S^ r#sla wm 
i# tiiat ©imtiat agents t®mli tea foreai %hmu^ tfe.® 
&olw«« tl@w tlir©M^ thm ttnmlf diviiad rasia wa# 
Mittli 9lmm thaa tb.a ©ptiwaii tlmm rat® csf O.0|, al/»la 
dasirai# ®ia alaata tfci.« antai-ai a laad k«sing ®@at«ialag 
i&# @©mtini eall aad ftoa a^mntijag aall was da-
aignai t© *. Masii»^ v#l*iai# ®f aativa solmfeian %© 
^a mmtMm witb. a »lal»iai of aalf ab»©f»ptim. te-awlaga ®f 
tiia aasaabli- ai>a ®ii Jflla in lali@yat©i?f i»«f©Fta ©f B# Qtolstian, 
Siollay axpafiaaatal ai'rang^Baiita ^aira ba.m fapwtad (27)# 
tiia ala@tF@mia ©iramit lias aix diffayaat semlas 
S.QO, |Q§, lt©@, 5000 asd 10^000 a/* »© t&at a wida 
l»taa«l^  &i smsplm mnM fea @1i«ai»vai. .m lstai?llfia*aiigu8 
amt^atia mam&m aatifltf far «ait mlwm® vmma 
tiaa as tha almti©ii of attlfity py®gras»ad» 'Biia $mph 
waa 0t mlm ia aidlciag v#lw®« ants ®f th® alaat® at tka 
IMpapajp ttaa* 
* idaatruotad by &• S# lapti® aad ©ai?l»i»a ^hrlatlaa, 
af this laboratQFf* 
-t3«* 
•|h# gatoliaina ©jtl4« feoatearitt ta Ifeis lav#8.tlgati©a 
was i'Oiuatd bj thm par# ©artii gmmp ®f ^is lafe@ratos*y» 
fttrlfitatlm ©f tb® gateliaiiai 'lia# fe®«a @ff®©t®d toy Xai*g® 
»$al® ioa ®x0liaag® fractionatlsai (Z&}» 4f%«3P ir«®y©llng 
©f %b« ga<l©llnim fjpattl®® a ©f high pOTltf was @l>-
taia«4. larly apmtmg3tmphi& aiialj*®lf iiiAt#a1s®a 0,.26% 
§m&rim and a tm&» of tat«i» aaal|r»®# als© 
list®t ^gpi'oaliia, holaiiiaa, irttrlM miA as tra©® 
©©ntaate«Bta.' 'fh® pmity Qt saapl® will l&« dlaeusssa 
again la ©©im«®fel0a with th® aetiviti®® pi»©dtto®d la th® 
mmmtrm i?ra<liat®i gai©liiiiia» 
lai»®piw« ©xi4®,. ©Figinallf pmrifiet toy 1# I# l®0©y 
ami l0aii®i fop, this iii^@»tig«tl©» toy I» Sp®d4iag, ©a 
spaetrogi'aphi© analytis indieat®i tFa©®a ©f »®aa?i«m wad 
gad©liaiiw w»i»® pi»«s®nt» && p@F©«iitag® ©f •ith®i* of 
til®®® ©©ntaaiiiaat# ©©tiM s©t te® ©atiuateii. Befor® tk® 
Bi|i% wa® hmhmA&4 with B®mtr©BS aa ®3s:t@a#iir® r®pwifiea-
tl©B ©f til® ©lifQpiia was mi®FtalE«m wb.i@h ia^olTai pF®« 
©ipitatiens ©f ®w©p©ms smlfat®, •w®pi® tlmrMm aad 
©Milat®. ap®#tF©gfaphi© aaalysi® still iadieatad 
a tpae® ©f saMariw aad gadoliniu® f©ll©wiag Mil® pr©-
eadttf®# 4ft«r boiOi&rMmt ©f tli® with a®mti»©as aad 
d®at®poaa, a®pai»ati©as d#siga®d t© i®t®©t smj aetiir® @oa-
tamiaaats fail«d t© d© e©. 
laleit® ©apacitf aiii f©w«-50 *®p« 
«s tftticai ia -ttili imfeatlgatl^a* Si«s« r#sist# 
ar® tfe® saa® 4hmimllf &» mm # smlf©a«t«i polf* 
wlioa® mmtlaaf amlfenl® 
•««li gs»0ttf» af® tfe® »®1« l®a-.&otiv® at mxf pi 
fell® rmlmm wm» witb satmratti soltttloma 
©f mm&mi'm 9hlml4.m a# tfeat tlia #:£®liaag® yaaatiena' 
pla@« ba%w«« tfe® f©» iai« aaa a® par® 
aaptli eatioa. 
Gadolinli* fr#4me®i "bj 
Dautaroa l'@«teari»®s% 
of lwopl»b 
Sm?v«y of- W'^wU 
4 liifiaf j?«#apitmXa%i©a ©f pp«fl©tt# liiwatigatioa ia 
fivao %h@ mp&rimmt&t ^ aaulta af® iis@uss®i« 
fa|a»s asi Voigt {i2) ali«laaliy taparafad ^a gadoiiaiw® 
aad ®mi»®pitti aativitiaa pi»odm®ai ia datitarm bs^apdad 
#w#pi*ai -aad aasiiaad a ^ aif-Ufa of ill - i|Q^ days -fe© %li® 
.gadaliaiwa aativity# Aaathap grouf ®f imrmtlgAtQTB C6) 
fapaptat aa aativity wi^ a tolf-lifa ®f ato©at tS days ia 
dam%ai*oa to-a^a3pd®d m&miwB. bmt b© ehmmiml aaFaf-atiama 
wara affaatad. *aaa spaaferagrapliie wmk (9) shewad %^at 
a lialf-iifa graatai? tliaa 7t daya aamlA la prodttead ly 
aamtpea of gad@limii«, %fcia aaas aiafeti? ©f ma 
-ts-
ast,l¥« 15$. ©a th® ' of half-
it ifa» tkttt %&# 1$$ - 170 4mj attlvlty wa# . 
(is) h%lmg pf0im@®4 b&tk {4# i»«ii@tl©n «»' 
«»4 c®, f| m ®€^^» 
Stparatlem #f Europltim ami 
i«i©3.t«!,i» Aetivities 
A s«fflpl» ©f a!#.©#. CI3© »s) was glfta S|0 aii@r@Map#y® 
'liotti'® ®f li. til t§ U*f i#m%«je»©n« fey tli® -SsFkalty 
60»i»i^ ®yel@l5i»oat ©it «y6l©tr©» targ«l waa pi»®par«d fey 
filling a aaall platlntiii di.sh wl%k tli® p@w#«f«®4 ImaOa* 
Si« «»&«ably mm s»ai#«4 %® S©0*0 aa4 a prsssmr# of f©w 
t#as appli®€« ftei®' tarf«% was Kh«a all©w#i to #00! 
pr®ssiw®« 4 ^ ia taiitalm foil was pla#®<l ©v«i» th® »at®i»'-
ial t« pr©t»et it •iwing fe©afeai»i«i®ii%.. tttriag %h& femfeardl-
a»s®Ml»ly was e®©l®i, fey wat®r @i2»s»la%iiig %hvmg)a. 
a #opp®»^ e®il at%atto#€ %® tta,# taFgtt# 
Slat® %li«a« aaterialt had fe®©a fe©atoafd«i wltJi 
!««%, a ©k®ai$*l s#pai»ati'®a ©f Fai»® ®ai?th aeliviti®# 
fi?@» taFiat aetivitiea waa p«rfowi«d.» f&e tai»g®t 
ani %b« f®il war® laa^liet «®v«i*al times witlfe hy4r®«fe.l®i?is 
&«id to «ff®0t »#lmtl#a ©f tlfe® 1*1(81% • fe® a.©id »@lm%l0ii« 
w®r® ®0iie®iitrat®<t aai t.@pp«f pyasaat ia %ii« ®®ltt%loas wa» 
t®p®®it«4 ®l«iitr@lytitally# fb® $@pp®f was iaa®ti¥® but 
was pvm-smt as a 3?®smlt %li« li, to,| 'reaetita* 
®t® •m3?©pii» was pr®®ipi%at«i a« tk# oxalat® aai th®a 
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%& til,# ®i® 'dxit® waft atiA laF^i 
pmlif fmpiaitF fwm ttefenlw aui 
flmsfit# ©i® rar® mw%% 
wa® %li.«a ©®av#3?t®i ba®! te thm ®xli® irla %h» ©x&la,|®» ®fet® 
•i»®e#if«py m this t#rli#a was f?#l »g#. 
®i« faamltlsg raf®' tartit l^aetita waa aapaifat®# 
la%@ ©wpepim ami gaitXinium by ffttifitati^ii of #«3?@t©ms 
siilfmt®* HI® llsi#y  ^*®tho<i of rtiiaettes wiWa mlm&r M©ii-
fleati®as as^ gimm. ia laerganl# Sfttth®»ia f©l«a® II C2f) 
waa f0ll@w®4» After fyaparation f>f tli« leaea i»®4m®t©i»| 
th® a®tiy« i*ai»« ®arfe titmtlm %*% M with mapmt to 
m& 101 waa p-@w«4 lai® at a »i©w rat®, 
4ii» waa mmtnllf •xelmiai hf aw®®fiaf altr©g®a thr@m^  
t:fe® filt»i» flaak. 
A f®a%k«i^ irMt®' fF®#ipltat® ©f waa f®M«I 
fipst is tfe® 1 M t® th® r®#®iirin« tlmk, Attrnw h®at-
iag 'tti®^ «'®lmti©a mA fi*#«lpitat® mi®r aitr#:g®ii. t© 80*C, 
til® « f@iw #f laS©^ @kaag#t %# a a®-?® atafel® p f©» wM.®h 
is I«ia» aii4 «i?f»tallin® aettliiig t® a ®0apa®t «ass. fti® 
.p f0w mXtH® th* ® la il.igbi,tiy §©1^1® is InSO^,. 
fita waa thmm filt#r«'i ant miw irlai at 4a 
will h® diatmasad 3.a*®»,^ this laS0^ fmMm waa fwtli®i* 
p«i?ifi®€ fof Faiiatida mi. fealf-lif® attiiiaa ®f tis® 
ems^opiiw «®ibiiritl®a« 
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tk® 'bttllE 0f th.® astiv# «T»©pltai hai b»®a stpa-
ifa|r@4 ia %h& ab#T# »aiw«3P, %h® flltus'afe#! eeafeaiaiiig tfei# 
a^feif# fateliaiw wart doifeiB## aa4 raimead la wliBwat Bi# 
raaalad®!' ©f %h% mx^plm fala® any saaarim m 
pmsmt as tofwltiai) «a® axtjpasifcdi irm feMs gaioliniita 
wieh frattioa with «#€!«« .^ aXfam^ . Zmmtiwe mmr&piwm 
earrlar wat adde€ la Xm%mw «xti»a@ti@aa t© anamj?® Mi# 
iioiral: ©f %mm9 ©f ae%l-¥a ®w©flia.: I&« aiEtaat ©f tlia 
atparatiei* ©f aatl^itla# waa iat««ittt4 by aaaas ©f ^ alaaiaw 
abf#yfti®a' emr-ras of aatl-rltf la trmtlom, A» 
i*adiati«s mmglm ef gai^lliiim ami «w«piw fi*aati©ii 
w®r« tmita #lffaliiai»w» abaoi-pti®® 6mi»f#a fiva ^ a 
samsltiT# aathoi ©f aaalyalS' at ladiaafeai la flg*»® 3, 
«iaa aiJillar aba#ippti« e«i»vas war® ©btalaai imit botli ffaa-
%i©sa, th® s#pai»atl®a wa# aeaalliartt e«ipl®t«. ' »®tk@t 
©f analysis vm r«p©p%«i, aarliaf la a«.fai»atl©ii of antlaoay 
mi. .titaal"Wi Is tkls lab@fat©i»y C|0)» Bme gatollaiw was 
©aelmdai la %b# «®Famfy pliaa® Im aaeii ®xt3?aeti@a.,, s© ibia 
aaalysis »®tla©t aeatimei abeir® «#ml4 b« appliai. 4a gai©-
llaii* waa praswl in trmm tmaatitiest a®riiw, aai*yl«r waa 
atd«i. ffeia aafri®!* was #fe®8®m baaama® it ®a» b® raailly 
»«|iara%®ji frew rar® aartka awh a« gaioliai'w by 
mtillzlmf til® g®*^' a tat®. 
600 TOO 400 500 
Absorber ( Mg/em') 
100 300 200 
Aluminum 
fig# 3, 4¥.®®rption Gur-rts m laropin® 
aai : tAdoliniuia • » 
4« first EuSO^ fraction, 
B. filtrate fr®» A oontaiaiag 
gadoXiniuia activity* 
0, fadolinitaa further pupifi®4 
from europiuja (filtrate fr<» ©)• 
©• Second EuSOa fraction after 









































































































































































itlmlBW m»fm iaileatlag that e©a-
%mimm%B wei»« »© s#fia»iitl@a #*« 
fe ^«#k th.e f®siifellt%|' tsfeat •* 1»a«# ©f a#tiv« 'twofim 
®©mli still tot pr#s«% .tmA alse t© t#iit th.® ©f 
t&® mmprnvlmmtrnt a totwn «f a«ttir« «Tif©pli» 
loit gadolini« was adsorbed iBii tlmtai twm tU® ©el-Kwi. 
fha almtla# ag«at and yasl®, w«t l&» «aa« a» msai im, tit® 
•a^limr •3i:p®i*iaa»t. §mty ©a# i9j?@ad p«ak waa @tes®?ir#d. 
aliamimw a^t®rp*fel®s ©•m?va# m t&t pr@ and 
fyaeliens liidl«at«i thm% a #«f«i»ati#ii ©f apfptxiaataly 
i:Q% was a®M#irai. Jt wa« «msp«#%«d %m ipaaks w#f© 
B0t toetams® the ftlw® $!*« e®mtliig aall 
CG»| «1| was $©© laipga wi^ f*@«pa«t total «!»# 
©f lifttli is tM® ©©Iwa fi-#f »!) all®wiag. aijdbag of th® 
p#aka at tMls |>oliit. 4##in*diagl|' a s«all®i» ®»11 
10.01 »1) waa pi»«faF®€. #i®tli®r iiwi>l# ©f tli® a®tiv® 
fad@liaia® wa® m tti® toliwa and •Imted 
a $% aawosiiii* -eiteat® s©lm%i#a at a ft @f t,S» te®® 
agate ©mly #»• p®^ak wa» ©fe®®Fir«i ,«ad a© €i,ff"®F@a®®s ir®i*« 
datettabl® la pj?# a»d p®st f®al i^aetieas. ffe®s® ®jip«f1«^ 
»®ata latitat® tliat ®©atajiiBaiita @tte.®i? tM«a th® iaaadiat® 
aal^ h^fs #f iad®lialm w®r« a^t pr«s®at. fur thai?, if 
•im«y tai^itw m •w#pi« f«*®#«t, Wimf «©ttld ®aly 
fe® pr®®@at ia tea®® M©mts. iaparatioa ©f iiaewa 
mlxtwp## ©f aefclve •'tap^piw. m€ gatelisalm ir«r« ii#| «%• 
t€0ttpt«€. 
fut a&f# a%t«l>tis w«i*-0 aai# •stabliah tli# 
pttfltf ®f lai© gaa©lisiia witti larg® tea #x®kaag« 
^©Iwa#. A #0l«0a i, ©a. Iti« wits with lalelfe# 
®apa«ltf r®sim c6'0 - 8§ wik| t® a halgj^ t ef 10 «• 
rtala haS pra^iemalf toaaa a%i»®€ ysiWa^ a satwatad 
9hXmM» aoimtiHB a© Siat It w#mld Is® la tka 
af©l«. 411 %ha #k©«®s ©hlerl^a im m9 p«®¥®.# fey teatk-
wasliiiig fea eQlwa. wi^ ilstillat wataiP'» la first ana 
amm€ mtwm was t!h» adtlvitF waa ©Iwtai wit^ §.1;^ ' and 
Qm$$ a»»©aim altrata «®lmti#a i»«a]piafMv«l|r» 'la th® aatoad 
mm %h«f spa^lfi® aetifitf- C®/»is/ai) »s €m%mmlmmA wlWk 
a ilpfiag 0'©mfe«i* tufe® aai mlj m® Bhmp iiaate &t aetiTitf 
waa oba»rva4# la fe&a first aai iaf©a4 waaa p»« aai 
f®8li paaJte, ffantieas, ,gav® iiantifial alsiialaia a^a9i»ptita 
awvas., A,i gatoliaian aai tarl^iiM aativitiaa pi»@aue®d ia 
mmtvm fesimfeaFtai gaioliaiium war# aaparatai affaati-taly 
toy iiwilai' l®a aantoiaaga %li« inf«i?@a©a la tliat tka 
ga4©liaiwi iwm th* ^ ®mt«-i*#a aarepiwa is qaita 
jfra# iitm •aagr «©ata«iaa%i#a., 
lalf-lif® Stmdias 
Aftar ®mpQWAtim ©f a aaiall sawpla ©f tiia aatiw 
ga4oilaitii» ia an alM«la®Mi amp, a ii?op ©f 2*f©» aelmtim 
-it-
was #vapOFiit®d ®v«ip %h9 saapl® t&ua ii@l<ilAg Hi® a^etlvifcy 
in pla«t» aluoiiito ©mf wm i#t ©a a tosrass plat® ant 
%h« ife0l.® was tHus inatrted ii^lcwr tt® «l.®@%i!»©-
sqop® @knl»®jr« 
®i« <i®©ay ®f th® astlvitj &as hmm f ©Hewed &v&t a 
p«3Pi®d ®f 600 days Cg®« ifigmr® 4# will to® a®t®i la 
ttoi® .figw® tk® kalf-lif® t&T nmmlf JO© 4mju ®aa b® glir®a 
toy a 155 ^ ay lJLii«| Ummm, fe® fealf-llf® la taflnltaly 
l.®Bgti3i®alng lat® a l®ag®r p®i»i@4, »mb%ra®ti#3a ©f wM®li 
»li®i»t8iis fe® 3.55 day lia® I® %$§• dayt. fli® loagaip p«3?i©a 
is aaaiiatt t® aat tli® I5t iay a$tivi%y %©• 
A fwtk®!? €ls®mstl®a ©f tfe® a®tiviti«a a»i aas® assl®a» 
»®nts la giwm in pttft @f %Ma lli@«l»» 
lb®rgy *eastti*»®at« 
fla® •a®rgy @f f«ray,i aaso@4at®i witto th® faaellnl-wm 
fr« d®'ttt»y®a b®^af4®A ®"i»®pli» lta« l»«@m i®%@«iii«d tiy 
abs®rpti©n la ®®pp«f., tia, l®a4, md taatalna. In all 
easas thm «®«p@8i%® ®wv®s ®®aaiafe®d ®f thr®® ®»p©a®ats, 
a t65 Km aai lOl I«v f-ray« aat a K®ir E-i»ay, In eoppsi? 
til® haUf-tfeiitoaasas w«i»® 5»i# l»6 aat 0*1? '$/m  ^ ®®i»F®a-
fonding to til® ab@T@ @a®rgl®a.. fh.® «xp®i*la®iital ®tt2*v»s 
ar® giif®n la Flgw® 5» ^Itia «ii^®ris®iital kalf-thi©to»ai®a 
f©i» l«ad w®i»® l.l, 0»tS and ©•061 g/ta^ flTliig I68, 85 
aad K»v ai tk® «a«rgi®8 {flpip®® 6 ii^id 7)-. •fh® •i?'®«mlt 
©f ttif®® abt0i»ptioB ®wf«s III tlm pla©« th® ®ii®p®r ®f 
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155 Day Haif-life for Eu(d,2n)Gd 
Time (Days) 
Fig# Deeay Curve of QaAeJliaita 
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Fig. Oopper Absorption Oiirv© ©a 
Gadolinlm Pi*odme®4 ia 
Dauteron l©a&a3?d#i SiM^opiiiii, 
H-jpay ami XOl lev 
ar# S\ibt3?a©%ions froai tee 






••• KCV y 
•• KCV f 
' t:4fe ' m —OB' 
ASSORBCIt (Pb) w/en* 
Fig. 6 Ii#ai Abae^ppMom •gtti'v®' ©n-tad©' 
linitaa la" i@mt@roa. 
BombaMti tof»©piam. 
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— 2»® SUBTRACTIQN 
100 
5 0 . .  
0.0 r o'.« 0.3 J 6;4 
ABSORBER (Pb) 
o.s o.r 0,6 
fif# 7. X-rftf' ?r,es«at In. G-adollnium, i>«oaj 
Smb^jpiiction of Higher Bitpgy 






























































'S. H' g! 
VJl. © ^ 
M « ® 
1 t J® ^ "4 *«% 
« 
i 











































































































































• »  
,i^ 
S 
















































































1s*lc«i SOO 4.&f» lat@r a 'fciiglieip prapoaitraii## of I®* 
mmgy &lm%mna ism Flgi»« f)# aeatfsralom ®f tli« 102 




H# 'ii&^aS f®att»®aa *#iatF©ii« 
1. if t 5 ©/« 17 t 3 @/« 1.1,3.60 ®/« 
2 ^ t t ®/», lit t.t «/» ^ a^a6i ®/ffl 
4bs©i»p%i©a 
k* »«atlw®t 1^« p®s«ifetlit3r ©xiats tshat 
tto« ©tos»P¥®4 tifaasIM©® la is@»«rl® la gadelimlw C®«g» 
-> iast««4 ©f 
14i®i»»f©.re tk® ^ m-raj was .stmAi«A to a® its 
«a#i»gf womli ti» iail-emtiv® 9f . »l«a«iit t© whieto. 
uttlirltf f® d#t«raiii» wfei®th®i» lit® x-ray OFigiaatwi 
fp®a. & g:at®llni« ®w©pl»i iiu«X®ma, ®yltl®al aiis®rf%i« 
a t a i m i ? ' ® B ® i i t s  w ® r ®  f e f f e i w t i  m s l a g ' p » #  ® a i » l W i «  m  
laptfiiW' railstl@s ha® » «a«i»gy ©f l|3l»f Stir 
wMl® t&at of gadoliaina i® l0*5- Siae® th# X .ates®*»ptl©a 
®%»# ®f ImtUsmmt ®®piw, jprateMyalw, ant aa^ifaita 
#«®w at 39*Of ami Em veBprntimlf, tli#s« 
w®i»® saleetet as afe«#3?to#F».. m tmtmpiwm 3i-i»a|' 
'n 
LEGEND 
E ORIGINAL CURVE 
FIRST SUBTRACTION 
^45KEV X-RAY 
S 220 KEV E-
•s. 
O 
6i5o ' T20 ISO 240 
ABSORBER (AI) MOM/CM' 
fig. 0, • ©» 
BiCip 
100 
L electrons from 






220 Kev electrons 
80 Ids*" 
Absorber (Mg/cm?) Aluminum 
Figt 9. 4'biori>Mm ©n IttCd, 2ii)®d • 
500 P&fS lad €»f Bcaitoardaent. 
womli fe® l«a^anijia aii4 ttriwa aad 
|JW# %lmmtMm 4 gadollniiat E® 
M'-mf mmXA %« ©aly %j a«i©i|«iw and abaapfett 
%f tlirat ipai»# mwtM* 41lfe»a^ a^aorptlea 
v®Fa«a Aata' f&w %ka«# alta^ata ai»© fm ftm 
am #i[fe®t®i s@t half-thi®tai®s»®s tm til® fow 
®a» l>® e»t£aat«i CS1)» 
Ito.® afeatffetJT* tf %« 3Paf« ®ai»^ ©xlt® w®f® pj?«par®4 
trm fmi»« 3..®«ii®4 tfejpom^ ife® e®ttrt«a3r ®f f.I#Sp«Mimg 
aad %h9 Far® •arl^ a®|iapati®mij a ir®tgli®t 
«©«! ©f $li® fartifmiar eiili® is an. 8®lm%l©a ®f 
pai»-affiia, a «aif©i« laf®if @f tb® ®xi4® #@ml€ fea f©i««d ia 
a® al«iaa» di#k» 'Hi® «©ii®®ati»ati®a ©jf paipaffiia ima iutk 
aa t® Mli th® i® piat® aft®?- th® t®ia%il® 
fAlI.1 f I 
Bxp«#t#4 4^s@FF%i®a. lata 
for frays ta lar® lartlia 





La" . : Qm m . M 
•§2T .M? aa? •It? 
.•02? .©t? ,01? ,lt? 
.170 .td# .aso •2l}.o 
i.f3 |.,SS 133 l.?l 
was I® Wm first @f mmMmmmmtu, only 
©a® aljsa'fl#? wan pi»'®pai*®i ttm <m®h al««nt with lass 
fean 100 m§/m^* inly 0.3 §/m^ ©f afe«@Fl«r ©ould b» pla««<l 
M ®a«fe ^Aisli, ^®®ams« @f t,l«« limltati#s, f® ototala gjp®at«y 
^Ittaiaas ®a» -ilati was pllai m top of aaotli«i?» 
Hi® flfst attaapfe to aatalsltsh tli,® mm^gf ©f tk# 
x-ray *a« iae@ii©lmait» ia l^at n® slgaifleant iiffarane# 
@omld tia la tlit atjaorpti^m ©lupirei of tia® x-ray 
i» thas# ®l««ntat A«' tli® otliai' two f-raya ara of highw 
asaargy tteaa tha 3t»fay, tli# emrvat wara eoatiamad to la3?g® 
absorliaf thieteaaa la ©Fi®f to oowaot for ttiaaa ooa-
poasats# '©ala proaaAmra pr#f«4 lapraotleal hm&m® of th® 
amomnt of rara aarto omtda maaiad to ra&ali a flat portion 
ia tlia aiarfe Csaa l^bla fl). 4a«ortinglf tiaa x-ray ab-
sorptioa ia tkia ragion trm ©•iSO m§/m  ^ wa» axaainad.. 
Aljsorliar# of iSQ,, 150, 110, fO, 60, l|.0 and 20 »g/®a^ of 
t&a four rara aarttia war# aai® up !»• aliwiaw amps, fha 
li^tar wei#it atosortoars wara iiffiamlt to prapara avaaly 
aaA tka aiq?ariaaatal^ ipoiiita ware aoaewlial arratia* fh® 
«a»@ aaapla of GdW3 waa m»@d with, ^a tiaa ga^oaatry for 
all of l^a awvaa* laafe omrva iras rarrni twiaa aad tiia 
rasmlta wara vary aiailar# flia axpariaantal data ara 
plottat ia figmra 10. Jfroa tiaa 'axperiMaatal half-thiak-
naasaa of for 13 mg/m^ for 0aO||, 
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rati© tm for a^rlia/jpf^aa#©-
€|ml«B l« •»« eml@mlat«4 tati© (s«« fabl© fl) f®? 
fell® mrnerptim @f ,«a weplia x-ysj ia l:i4*f far 
ab.i0Pb«ifs* 4» was itat«4 ©arllar,, %k« fa@t tteat# ©tM®!* 
gaaaa raya ar® pi»as«nt :aa4 tfeat tli.« ,smtetra«%i@m ©f l^as® 
*©r@ aaa^gsti® #«apw#itfe« eaaii'©^ Mai# %® aaka tha 
#xf#riii#»%al rati# apfreaeli 3. w&tUm tMaa Fi»« 
thasa iata it ap^aara mm&lmit» liial Mi® jc-pair 
ma.%T& is bttweam i^a abaorptiwt aigaa ©f aariiBii and 
pFasaQ'^^im ami ii tliaeaf©?# %ha x-raf of aw^flta# 
©aaaf $mmm ' 
fka e®i»aid®m0« fsaa Flgwaa I aad 2) 
aai ©©mtar aataatoa^ wwa iattfibad a«rll«p,., a tm stat#-» 
aaa-la ragardiag ^a ©ij«i*ati©ii, ©f ^tania iasfeipiaamta ara 
gi^aa hmwm* fha an4-w.ima©w eoMatajpa inset 
,1m aa rnXwrninw ^©ic wara ttm li^t fef a aari-
i@ai»i hm ©©faring %h@ B^aas mw «#i»fai* 
piataa !•! * im tliie,toaas with a i*all htela % • 6 »» ia 
diiaatar wara is a aiiwi^ teatwaam tlia 
aoiiiit«^»». If a saapla plata wMefe w@mlA al,#oyb aaafetaspad 
•aai aaaaaiary ratiatiens wart a#t praaeat ^atwaan tlia 
.a©mt»]pa, 0feai» iavaatigalera fr#» feis lal>®i»at©ry fotmi 
%h&% a awlaaf ©f sfi»i®aa a^in-aiieoiaaa ©eawrat. ttte 
aifflfeaip #f apttjfiama a.oiaaiiaiiaaa wi-fe a feraas pla%a 
g/m^} »iitil'hoie tm aaapl® aeiaating was aas«i«d 
%© li# mmMv^mmm.%9 on, lilgfe i»taaaity 
§««|ii@a a lead »h.mt wa« rnaM as a s»pXa boltttr iiis%«at 
©f Umm* 4 stral^it • lira# s#i»«®tiiag %h® as©##® of the 
«ii4-wia4®w t#«tataF# wemli fats tk# emtei* ito# 
in %h9 sa«pl# flat#'. 
a#tivl%y t@ fea atmiiai waa #fap©pata4 ©a 
alta a&aata ©r f@yavair fliaa 'C©#! ag/©M^)» Bii »iea ©i? 
f©»vaf waa t&aa t# lit® aaafl® plata ' tia® mtiw* 
itf viawiag b#tk. eountars tlaa eamtera,! ©rifle®# 
W4t^ tli« taapi# locafceA aiiway featwaaa %hm 
afpfQxlaataiir tsmtiag rntms war® Qfea«i»T®'i ©n a@alei»« 
#©raa®et«4 I# ^anaali X aal $» A. iil»ta »#lul.i©a ©f «ap0a 
®irap«yata4 @a aetlvitf h.®14 sampl# ia plas®. 
Safor® a» aetmal *®aamr««aat ^ «faa, t&« 
ra%# €m# %& aaiaia aa4 str»|' y i»aiiati©m waa 
Af'lai* la®®i»ti©Ji ©f a aiwfl..® flat® ia tli® al®!! batw«»B thm 
mmUmUf Wm %&m%M m t&amiala aai tli® 
a®l.iial.4®a®® l^aalgriwa# wfi*® €#t®i»aln«i ©far a psflofi ®f 
ti^ kowa. 4 l.l»% #f a0ia#i€aB0« featligromla witlbi Ilffar* 
«at feitteaaa #f aiiwism folia batifeaa %h@ mwatrnva ia 
gimn 4b fatoia fll» 
#©imsliaa@« rat® waa (•©6#) aai 
s@iisfea»t iow a riyag® ®f laat abatrb®?®.# 1% atoali be 
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aat® 
herizissatal flam® S.a ©xpei^iamtal «.aa«tol3r«' with fk® 
«©mt»F« In a tti»t4#al plan-t ©6i»ia®ast is 
iaereatft-i ¥f •is.boMt. a of %1« inej?«as« is 
4m« t# %h9 fm9t tliat & iiagl® tosaie mf mmlrng tlirom^ a 
wrtiaal asa«|}l|' will giva a •t©iaei4«a®« ' ^ il« 1% 
a mml® i»ay Ahmwmt ta gi^® a §©wiit in k©i»iaomtal 
a«ss»blj* 
'!&• fftriabl® gate wat »aimtaln®i at tto# r«s©lviiig 
tia® «f t»Q6 mlmmmmi&a t&r mil ©f tfe# ®xp«ri»®iital 
ddtawttimatiea# ©f ®#iii«iA®m«t Fafe®s* fii® Trnf^lring tia® 
i*«aia«i ®®«i®laiat #?«!•• tk@ eeari® ©f th® invettigati®®# 
fw® l©ag-liir«a ga4©liaia* afti¥lti®» ar® pfoimeed 
.In i®u.t®y#m fc®^ari«t ®w®fi« a# frei^iouslir .stated-# ®i« 
•sh®3pt®p-l£v®i is 'ff^Qteo®*! hf ab#mt a fa®t®y ©f 10 
#¥«!• 8® i^i «®ia®it«fte® »tmif will i»al nestli-
witk ®i® i«ea|- s®fe«a® of b@ <li#©ma®®i^ 
ia i®tail lat®3* ia «0an®etl©m with aetiflti®® pi»odue®d ia 
-4?-
A«.to©l^ #4^51 i^a §€^^3 Iwny hf :E-»®l«'®tr©ii. «»4p%mr« 
til# •mr©piwa'S IE-fay l^l.f Em) Is ::pi?#3«at# 
#a«ifgits wmT% fs«® Fig«® $) m» 102 ant t6$ Km* 
©a thw 'feAsis €)f w t© %® iiS'tiassM lat«r, • tij,» Z6$ Km 
Y-ray la i|.sao®iaf#i wlfek #i« Ammj of f-jpays 
ai»« latemally 
4 t«ta%ive i.«®ay sehsi® i« as»tiiR»d in wM#h 
d#«ftyi tm m. tey E «ltetf©a ©aftiii*® tud then 
'lii® grtmi sfeal;® fey «aii#i©a «f a t6f E»ir f-ray* 
0©intii»ii®®s *ay thm 'to® #:@%®«iiii#i in tli® d««ay ©f 
b®tw®«a til® 220 'Em I ©«f®i*®i©aL ®3.@®tr0iis and tli® E x-i*ays 
twm ®llili®i* a® ®oii,ir@p«i©a pr©®®®® m %li# ®l®etr®o ©aiJtui?® 
#t®p» ifeviettily •^ •»« 'K x-mjM mm *l»o im ##ia«i<l®a®® %n 
«m@li a t®@ay m ar« ala® %li« I x-ray ^ from tli® ®1®©-' 
tF®m taptmi?® ®%®p ami ifct® $.6$ E®ir f-ray#. »i®s« «®asw®-
M#afei say li® eoapliaat«i fey ptr®s«a®® ef §#^5, 
tto® 4#t®i«in«tl®»8' ai*®' a^aiwei %& b«. wild bftoams® ©f th® 
'%m intensity ©f as fiMfar^d to 
If til® t®afea%i¥« desay atli^® for i» eoFi*»efe 
®tily ®l®®tro»s fi*©» %h® ®®a-f»3?»l®m of %h® 26§ Xm' 
mm prmmtp f® S1I®@1E t^is mampMm a aaiapl® ®f 
activity was »®mfe«d m. aita ali@®t Ct m-g/m^) •aad 
ia«®ft®d la tM® ®®imt®F a«»®«lily* Suffieient aliMinwia 
wa® fla®®d b@%ir®«i» mmitm I a»i th® aaapl® to absdjpte 
all «l®ety©»s aai.i ttes®i*to«rs w®r# a4i«d fm %mh mmsmm"-
wmt %@ #iaan«l t mMl all tfe# tlettyoas win?® alao ate-
aerltlt #0rr#<itiag «3ip«:pl«-®atml wluea tm 
liia$kfl*ow4 m& ae#ld«®tal e®ia«ii'SiieM tli.» rati© ot ay 
•©©laeiiiMwias t® al#e|r@a ®®mt at %h% aaa# «l>a©i%®f» thiek* 
a®#» was a ®ii:i rasmlt iniitatat tiiats ©alf ©mt 
gff&wp ®f ®la®ti»0.aa is. «itt«a# Hia axfeiriaaiital iata aj?® 
pl0fet«i im Figrnfa 11. 
Hi® a^aMa axftfl«®»t waa r«f«at«€ f©w a©nfea latar 
wi^ allgfetly ii.ff«i»aat} gaceatfy «@iiti'll@ii»* flia rati© ©f 
ay @0iaal4«»eai to- alaatrpa is tk# upp®r ®wv® la 
figtjopa 11 • ®ja fxpar-iaaotal .rasttlt-a ar« glvaa in fiiblm fill. 
Si« saaa aluminiai abaeftoai* C%*-8 m$/m^} was kaft @a tka 
awfear 1 siia f®i» all a«asuF®«a»ta# 
©aa lat/la valm® ia pmh&hlf affaatai im tkis easa ky 
©ai»®idi®aa»«. Sia §^3.51 ©^^53 rati® daaraasas 
witk tima liaaamsa ®f tk© lengar kalf-lifa ©f 
Ia aaetkaf aaFiaa ©f aaaaaramaiits, alis©i?kai?s war© 
aMa<i t© ekaranal Z ani a© akaa^barf wara prmmt katwaaa 
tka saapla aai eeamtar !• Aftei* tka ©slmtiAaa®©® wai*a 
©ewaetai f©F teaakgfemt, aeaiiantal ami % ©©iaaitta©©®, 
l^a raamltiag points on a sami-log pl©t gava a stfaigkt 
lia® wi^ a kalf*tki#teaas ©f $ ag/«a^# '&ia kalf-tkiek-
aaas ®@i»ifa-sp©a€s t© tka ttO lav ©©mrafaloa ©lattpons# 
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Fig. 11.. C!©i»ei<l©n«.« ll#itsur#m©nts 
• • 011 mCi, 'Saldd.. 
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at Mi### einiadtAtacw fe#1iir««a tfe® 220 
9lm%rma m4. I x-mys mmm ffei« tw® 
prists ©a fe# pl^t w»m Ahm6 tli® 
lint anil mm mawmeA &u® t© a ©oalipllsmisi©* tvm ##5S 
•IdstrQa jc-if«f «©ia®i4«®#i» 
•mstl fill 
e:€>lael4«a« l®ftsmj*«w#nt8 « 
I 
«/« ¥ ^ Mg/a«2 II «/M t«y+XY/aiin unoorr. Hey ©orr. C»«f/w»)io^ 
J13 0 3%3i 1.3051.053 2,,05%t.05% 6»|U.1T 
lit 2.3 tl?? i«05it.0|4 5..|3i.a3 
3X1 3*0 1.1881.0305 0.9721.032 6.061.10 
III |.:.6 13ff 0.9161.036 0.7091.038 6.131.33 
316 6»0 1020 0.711^.1.031 0»5Mt..§3t • 6.62I.I1.I 
311 773 0.i}.89i.025 5.561.53 
3^ 4eF*«**y« 10.? ^zk 0.3721.015 ©•iSft.Olf 6.511.67 
318 15.4 km 0.2801.015 0,§961,019 5.7511.1^ 
323 23a 3it 0.2121.012 
315 324 If© 0.2211.012 
31? , ii.oa 2|k 0.2061.011 
3i|. n 23f 0,,l67lt011 
W'tWk l®a€ a|is0]p1&«^a ©a Mtli eliaiiii«ls, apt ani Xf 
«cila®i4««®.s wen*'® Qhmtmi. f©w ia aiaib©i** lo 
©oia©li®a0®i w®.p® ®i»s®rwA ib-tra tM® x-ray waa afesorfeti ®m 
botk '©lia woald ampp®rt a3»«aiptioa tkat 
©aiy. ©a® gaama ri^ is prmmt ia th® i9«ay 
Smrvay ©f fr®fi©m« wmU 
4 d»tail.®i. r®Ti®w @f lit«i»afew« ©a ga<ioliniii« a©ti¥» 
iti@» was •arUi®!'.* atatms ©I? gadeiiaitM asti^r-
itl«s was p®vi«w®«i fey #• f. i®ab©rg aai I# feplaiaa {I3.) 
at afe©ut tte.® tia® tk« s%m% of a«utr®a indmeei gadelimiiaai 
a@tiviti®a fe@g,sa ia this Iml^QipaAiQWf 4 3.5^-day aetlirity 
iaei^iag by K alatftroa #apt«F# was asfipi®i t© (32 )• 
Hii,® astlTity f©f«®4 in itrntarea boatoariaeat ©f «tir©plw 
was assiga«4 t© 'feaeama® a loag-liirai aamtrea ia4me®i 
activity iiad fe®«a aastgaei ##53 ©a &® toaaia ©f »aas 
af®@ti»©gifapM« a®m®d»» It was ^  ®»M®i tliat tw© 
l©ag-lif®t a©fei'fiti«a war® tto.® sa»®.# ffe® ta.bl.® -©f is©* 
t©p«» ala® llf%« a »iamt® C3|) and t«ata%iT®ly 
aasigaa am l8-li©iii» aati^lfey t© »iw® amaiit® CS), 4a 
Bm6 iay a#tiflty wa# ala© taatafcifaly as#l.^ei t@ gai©-
iiaiw altkom^ iav®stlgat©3?a ®%at« ®i® aetiirlty aay 
li® 4m® %© aa .iapwlty 
'SZ" 
to #x%@asl'r« ©f »M©i?t-3li¥«4 g&iollnlw 
ae%ifitl«s (tJ assl^®A th® lLS-ho*» 
t# 0<i3-59, 4 zi$ •»§«• - 6.15- 4«y 
©li&ia was tk%»© i»«f»®if%iii. 
Sa-Ig Ixti'actions of 
?@itstbl# contaminants 
Sampl## of gaAeiialiffli #3ii4« w®r# irraiiatai at tw© 
ilff«i»«nt tiaas at th# ®ia fli»st boa-
toaifteaiit of i^OO h9Wt& tid not glv# a amfflai«iitlf intaaaa 
aasifl® #f t&« l@ng;-liir#i gaiolisaiw, »# a satont b^bari-
»«at lasting 8514. feowa was obtaiaai.# 
4a .saaai?iw lait foatiblf fttmrbiwrn war# apaetrogpaph-
leaXlj iataettd ia tli« gat^liainffl. at Cii,f) ant (a,a) 
raattioas om gaioliaiiw worn!A gif« «iir®piw aall aaaarliw 
aetifitlaa, tto« irya41at#i si»f3.® was axtraotad aaireyal 
tiaas with. a0ti,i» aaalgaa# -Sia »»all .•uBomt of aetivity 
®xtra®t«S Into tfea a«alg« teat tfti® sia® aatrgj eliai»aet®r-
istiea at tlia a@a-axtfa§t©A f#Fti©ii»« fto.® extraetions 
wei?® p®i»f@wiaA sair®i*al days aft®i? paffioval @f tk® sa»pl« 
fi»©® th® fil® ted sli@ft-liT®i aetlYltias sme& as the li.f-ho'UF 
womld hair® d®®ay«d# S© attispt waa aad® to ®xtra#t 
©Otttaataants la the ,l,oag«i» Ifradiatsd, gadollaim sampla. 
4n©tb®i» amplm of Qdii-%. b«feai»d®i ia tli® Oak Sidg® 
pil® for oaa w®®k wa# obtained to ttwdy shLOft-lived 
aetiTitiaa. 4 la-lg «tra@tioa i}«3?f©jw®d ©a thia irradi-
-S3 
».aapl# 30 afi»«w©vaX frm Ife# 'iJil.® did fo* 
teal til# piP«ieiio# of Sa fh# «ti»a@t«d a®ti¥ity d©« 
®aj®d wl^ a l|.S hewf- lialf-ilf®* -fli# ®f thl# aetlf-
itf ba«®d ®m ab«wptl©ii ia aliaiiiuM was 73© Wv* fb®s« 
®j£I>®ria®iital F®«wlt« ar» la good agi»®«««iit wllh piiblisfa«d 
mlnm ©f a i|.7 li®mr half-llf® (351 »ad fSQ Itv § (36) 
as«l®a®d t0 
S®pai?atioii'®f A@tiirltl®s by 
I@K Wx&hmge M9th&d» 
®i® p®aiitoillt|' that tw© or a®!*® l@iig-liir®d a®tlviti@s 
w®r« pr«a®ttt in Ifa® a»iitrdB Irradiated gad®lliai«» s®«9d 
lilE«ly h®#am»« ©f tli® e©iisiit»iit diffarm®® in half-lifa 
®iarv«8 aaaswed iri.tli and witls®mt 'ibsorhara. tithoiit added 
ate#®rfc»«r, th9 @hs«rv#d haif-ilf® was «li@rt®r» Sia®® th® 
x-ray imiitted la. th® gadelialw d®eaj is mot appresiably 
ab«®rh®d la ^ 2$ m$/em^ ©f alt»im«a., tti® ©©ntaainant amst 
feav® the ih®rt®r half-lif® and littl® ®r a® y-ray, a® 
th® p©#®lteiXity #f l©ag-li;V«d «aaarl\M», ®wr©pt*ffli aad 
yttsrblffli ®©ata»lmaat» wa» iEt¥®atigat®d r®p®at®dly witJi 
aagativ® ratmlts# tto.® ®3fttraa®©m» a®tifity eomld not b® dm® 
t@ thm» f© ®®parate ®th@r rar® ®artha It waa a®e®aaary 
to sat mp i©a exehang® ©©liuana# 
S®paratio» ©f laipwritl®! la th® l©iig-liir®d gad©liniw 
was not att®mpt®d with th® aaall ©oliapoa, ©©mnting ®®11 
•Si­
nai r«t« «©i^l.nati©n of ft Im Xoai 
tapASltf ®f tia® saall'TOlwa (%•% - t*# ag) aai low 
spwifit aotlYity of %'m gadollal-tta proMtelttfi Imfoatlga-
ttoii witli, %M,i iaatr»«a't. 
Ssvwitl omtlea •xohiuag® &Qlmm f»m« w®p« e«>yi«<i omt 
m til® iw&dlattA gaiolialm ia stparmtinf aai i4«ii%ify-
iag iiBpwiti##* •atftyiaiBat.s will l^e iis#ms«d ia 
©&i»on@l®gio«l oritj?,- Ia ®afiy mma feb® ia 
A lEiiowm fir&©%i@a ©f feh® •initt® -mm d#t®»in«A by tTapora-
isi^ on a watokglaas m€ aubseq^®®^ oowitlag of ^® siapl®. 
I,at«r ttppiiig «omiit«i»8 w%m m»®A to tatowin# ISi® aetivity 
i& til® •luata* 
laloit® mpmeitf rmin was gfotmi at 4?y ie® 
tOTparatwr®* both to aii ia l&® grimiimg .aa€ also to imsw® 
that a© ohiwioal ohasag® womli mmm ia th« resia, tli®, 
a®sk -si*® of th® i?®sia "fwi®i ia iiff®y®at ®x^®ria«ta. 
ia all WBia, th® i»«#ia was sti?iP«S twio® with »atai»at«4 
mmmi'm ©hlorii® solmtioas aat batiewaahad la a oolwii 
mtll a ehlorii® ion t®st wa# aagativ®# 'Sli® aaa® soliwas 
(1 m I«©«) w®r® ms®i in all ®Ef®Fia«ats with th® height 
of th® Foain. h®i farylng fi»OM. 12 - t# m, 'tamally the 
aotivity waa ®lmt«t with 0#.l^ .aHai©ni« oitpat® aolmtioa 
at a pM of $*$* In All oaaaa^th® ©Ittting aolwtioma wore 
0«1^ in phi®0l to iitoihit mo14 growth. 





























































pig# 12. Abfojpptilon Ourves m 0©iit'ial3aaa.t 
and GadoliniMM (o) hstor® Qolwm Separation, 
-57' 
im a:®iisiar««ata. fills will •distufsst later 
im Ife# idtotifi©afel@a ©f %iils a@tlifi%|'« 
i,«pl® @f §4n% wiaiA 1mA r«®®iir«4 twio# 
as amsfb irraAiati©^ as th# first al#© was purlfi«€ 
fey %m ©xeMaag® first «lm%i«i .atart»i ? iafs 
afttr r«i#?»i fr#* pll«« 4gaia 
first twmtlm @ff %h# toliw. was -ibta amtraaaiima astivity 
witfa Q,f© il®f testa ray# -©lia fra«ti@» was qmit® adtl^# 
and a s.aMi>l« waa «©i«t®i for lialf-lif® *®aaar®*«mt» At 
til® tlQtim pr@fr®»s®t @^»r frastima w#re ali© 
for half-lif® staiiaa fr«» this wm» A -saapl® of tli® 
#lwt® fr®0«dimg ttot® i«i©liiiiw, faali ©wtaimai aa aotivity 
wliith. was naitiiar gatdlisim »©r ®xtr«i®©aa aetivitf 
«»atioii#.d ®arli®r. tt® ilMttifieati« mf ibt®®.« aetifitias 
are ilsemaied ia th# f#ll«wittg »®stl©m* 
It®iitifi®ati®a tf ^ ©ataffliaaata 
fw® saaflsa Ct2.3 «€ If6 *§1 @f iht® ©i#©# wMcto, wai 
*>i0Mbar4®4 for 85i|, h»«p« w®r« ai«®rl»®i aat ®lmt«4 froa tk® 
©atiea ©©Iwms. la l&©tli eai®s -^a astivitf was 
a®t#wia®<t la almat® with, a iippi»g aoimter tmte®. 
fh® gradmat# im-wM^ th® «©mt®r was l*i«rs®€ and the 
eomter w®r» heth ©laap«4 a© that th« ««» g®©a®try was 
r®pr®dm®®€ f©r all sampl®®# A fl@t 0f th® a/atm/ml versus 
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Fig# 13 • llutlott aiarT® of Noutr©!! 
In-dmeei Aefelvitl«a In 
'$9" 
&L0 aeti'rili' aita%JL0n»i ®ai»li@i* is feht# 
ia»« a# aetivlty .is skapf pmk prtetiiag 
gtti®llai«i «iff #©!•«« f««t Flgw« 13 )• Iteis mtlfltj 
vm as la a of wafs. 4t ttoliiw 
feai ii©t b«#a sp®ttf#graplii#allj ami as 
was of Ife# l©ag-ilfai ©©ntaaiaatlmg aetlTlty, 
eitasliafatol® tisa was sptmt ia wFifyiag til® li®iit;ifi®ati©ft, 
taeays with m haU-llf® #f ItT days waittiag a p #f 
1.-1 M®ir est) as A®t®iwin®i toy afeaorftloa 
ffe® i«®ay ©f a aaapl® of s#parat«4 trm %li# first 
hm&im0mm% ©f iraii »®aswi?#4 0y«F S «oa^» |s«® 
Fig«a?a 34•Jtg«i?iM®ata3. w&lm ©f Mf tays is the 
•a«® as fekat isrsfiomtly p®,poy|#4 tm- A p-fay «a»i?gy 
©f 0#.f5 fey altamiam atoa.®ipp%i©ii @n a 
fin-ifitA fyaetiea agftaiag w®ll witia litaratw# 
iralm®# A iiit@nfity now®® ©f gav« a f to p 
f»ati© ©fix 1©-^. fbiS^B yatio &gip®®s w®ll wi'^ a valu.® ©f 
X 1®*^ fey ¥®a l0t&® t3$) * 
4« a final efe®®te m %h9 I4#ntlfieati-©ii ©f tti® aeti¥-
ity as A®®id®i t® fe®afe«M 1^0® lad ©<»par« 
m® radlatisBs. ©I® i»ai?® «ar^ ,gr®mf l©aa®A a sanpl® ©f 
'^rn^Qm wM'Sli teataiiied fe©t& sffelw ami jttmhivm as iapiir-
4f%ei? a ©a® w®«te feeabwiatat at ^® hrgmme pil®, 
fe® a#tlviti®s prasaat in tli® sarapl® w®i?® s®p«pat®d oa 
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Fig. 34. Curves for and 
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mlth ab#mt ItO tt»@« us 
iii.%e»a®> «ii thm .a#«i©iiA pmk lm%w at 
a® fwm ©f tfeiJ.# saafla w«3p® tfe® ««»§ 
as %h@ aetifiti- thm^t t© fee as a ««-
taainant im 
la. th.® mww9 ot bmhetp4^4 g&46Mmim, 
tlia first sfflali .f#«k ©ff mlmm wm i4«atifif4 a* 
®i« idittitifleatiea wa« bM$®4 m mmw #«»ia-
%Mmm mmBm-mmta la addltl®ii t® tfe® fa«t liiat this 
attifltf pwm^^m th® wiii^ would p©lat 
to a l®©tof®# Alualam ab»@rptl«L ewv®» ©f 
teowm aat tiiia attivity *®r# siallap liwt m«t i<l«m-
tl®al. If a f®w f®x» ©tat ©f w«y® asi««d to b® 
pr«a0nt, tills dlff«F®a©® ia atoaoyftleaj tw?v«« ®©mM to® 
®xplaia®d# filially, ®oiafai»lf©3& ®f al®®trQm-9l®$troii 
®®iai#idfMa®e Mt®® f^r toii®wa aad a@tiTity la 
qm®s%i©a ir®r« •ary tiailaF# 'toetli fe«iag ®»®ptltaally Mi^, 
a ftriMag «liara@t®fisti® ms®fml f®r it«Matlfl«atiea» 
®i® ®a»® ®lmti#» fwf® C«®® Figw® 13) @f a®tiirlti®» 
lit lb® aaatrdm boBlrariad i(i»% iail«at®s pmam@& ®f 
$tlll am®^®i» l@iig-liir®€ ®'®at«*iiiant# lalf-lif® and 
«a®jpgy a«asmF««®iit.s la adtltlen %©• tfci® f®»iti®a ®f a®tiv» 
ity 1» th® «lutl®a eurf® ay® tli® baal® f®r, as®ig!»»t of 
til® attivity t© Aa al»iii«» a^»®i»pli'®ii ®ii?'r® ©a 
-6i-
gmm & falm® ©f 16© Em tm 
^ mh&9m» %hm 'j^epertei mlm® foy 2^^^® !,» 75Q i«ir (35 )• 
l«,l.f-lif« m^T a p«i»lo4 ©f 7® Aaji ai»® 
la flgwt 34# ii^tog «• 'valm# @f f& dlity# »s ©0apap#t t® t%% 
r9p0V'%@& r&lm &t 7t Aa|"» (351. 
Istlaatl^ of 
im %h9 
amalfita iii BOt list thmlliia as a 
®®als««liiiiat aai th# ©f" ©thitf %pad® 0'oo%«laaat« 
®@mli mot h® toy tMi l.% ia po»aitel« %© 
tliii -pmr •©«»% tliisdlitai lit tinOg irmk •xp®rl» 
mh»mwmi. il»ia%@gFB%l©ia m& kaoira a«mti»om 
eaptw# sm%im falm®, &©wiag th# p®i» ©#»% tliiiltw 
ia Ife® |i«i»©«ii%ag«s ©£ ®#a^t«aiaaat» «»» to# 
#atiaat#4 as wiil to« in Ui® followiag p«Fagi»ai&.a • 
•®bia iii(Aat®grati0» fa%« for' waa ®aX®mlat@t from 
twe Alfftfaat almtiem ®w»«s %is« itai»tiag walf^t; 
gaioliaitm waa l$6 mg ta fa® ©aa« li«a Flgara 13) 
2a.3. *i to ®t&aF, to©l^ as ®^0a* tSiamal a®mtF®m 
©aftw® mms sastioa tm tfc® (a, y) 
la aa 10© to^aima 137} ast llS to«»a» (38). ffci® 
©f tfcmli«a ta 1^6 ag ®f gad#liaii» ia «als\ilat®l 
aa f0ll®irai 
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«M of la » (atiaila w% of tn) 
im 'C6..i3 IF)' C3. • 
gff* ef ^  .I., 
0.6 X 1©^) {6.©3 3E 1#3) (2^0) (a??) 
« 61 * 10"7 §»• 
cT*• es»©as f0i» tlisrMftl atutym* 
Wf » flttx for %k# APg®im« Fil« 
? » #irtFag« f«w«r #f pil« ia kil@wit%ts 
w $F©wtM ffteteip wli»Ft /<i«, iteay wnstaat aad 
t is tia® @f 
f®i? ©.«at thmliiw was &» .1|.»5 x XO""^ aa4 
%,8 Jt 10""^ JfOF th.# tw© wsai @f i56 «aa 2a.3 .Mg ©f gaioliaitm# 
•'gbti# ©f is A% th® Ximit ©f sp#«.%^@gi»RphS# 
Ifeis %k® p©%«ntlal ms«fajLtt«sa @f 
»®t3i©i ©f im&lysiii ia ©tts«a» 
A« a @li«0k 0a Ife® a,l>@v# di«iiifc«grati©a 
rat# f&T tfe® ia Hi# ii#mti?©ii lwaiiAt«.t fas®# 
w*s 4l«i» fe® «-a«® talsmla^i©!! was pwt&rmmA, 
i.»» tea-twing di«lot®®p-ii%l©a rat® w®lgb,% of mmli« 
la til® saajjl® l>® 'Hi® knowa w®i^t ©f 
mmllw ai«©i%®i Im %m ©©lnwa wa® if »g aiii'th® ®al©m-
iat®i valm® was §© ag# to tlii.s feaal® ttoi® par «®ii% ihmliiai 
ia th® aiaapl® 1® pr^lablf go©t witMa a.fa@%©t» of %w®, 
Sia«® fckmli* was la m® arteitw,, li©ialw^ aad 
ifspr©si« amsfe al»® b® fi»«.®®ii% in -®t«*l m aaonals 
an mmtwpml afeminae®. ia ^ rm Is grs&fe®? and tlitatf 
t3.«««ts. mm mm% iiffitmlt te smpm&t& tPm gatolialw 
fey i®a m.0hmg9 • ©a %li® feati# ©f mbwa^mm 4ata 
®f %&« wmw® aaiptbi llfj a»«l s#far«ti#a ®ff«etei t»y -ttia %m 
«x#lii»g# til® f©ll@wlag ratlea fe&sai « WmllWB. 
as mi%f ar# asti*a%«d ia 
f411,1 IX 
fai»®«3atag«a ®f #®iil«®inaii,t« lu 
m I# % Ife 
lati® 1 1|0 2.5 60 > , 
% m 10"^ 0.16 l.I'JE 0.27 14 X 10-2 
f&a m«mtr#a faptiwa «y#as ®®©til©a foi* fclia fraeaa# 
fi|3.5f waa al#© Hi# iisiafcagw%i«ii 
rat# ©f estiittttt imm tli# almttem ©wv® of 
ae%i'9'iti«« la aamtf-sa lnwteariai gaisliatiw Caaa figas?# 13 )• 
®i« @f Im %li« 15^ »S ®f tai®llaiii» was bas@4, 
m %h9 1#.% Jt 1®*% valma ia fabl® II, 'Hi# #aptmi*« ti»®as 
a«@ti« was ©aldwlatai as 9..6 ^ai*as# falmas ©f <M tearaia 
C38) ami 10 hmr&9 &m r®p@3?t#i in thm lit03?a%m*a# A« 
tfea #al#mla%«t ami y«p©i?fai fi»®as sa®tl®na ay® siailai", 
aradaaea is %m% tha p®i»@«ntag«s ®f ®oat«iaatliig rara 
aaptfes la ttoa gaioliaim ali^wa ia f^la IX. 
.6|. 
iRli'-llift mrnmmmmtM m tw© gaieliniwa. sampl«s 
timt i&mh&wMmt mm #xt«ad #T#f $00 days# ffe® i»#ay 
©If ©ii« @f Ml® a«fl®s w«« »ta8ttip«4 125 ag/«a^ ®f 
mlwaliim liillt r«*liag» ©a Ih# s®©oiii. sa»pl« w®j?® tak®a 
with a© itbs©i!%®f»# s«pl.« wna liy l«i ®x-
4» ©afii®!" tli® Mlf-'Mf® 0t £36 t 3 iay® 4®t®i»-
Miitddl wl-i^ -gi® 'mM%A afe#sj?te®i» ia ®©asiA®i»#t ®©i?:r®et tin#® 
th® @onferttemti©a ©f •&« ates©rt«F ia a»glig-
ilil® Cs®® Figure IS)# 4« i®t®pffliii®i iriim®l.ly, lai® best 
fit ©f a straight iia® ts tli® «jsp®i»iffl®ataX points gav® tfei# 
TAlu® ®f 236 t 3 day®. 4pfll0®tl©m ©f tk® i®ast aqmar® 
M«tfe©d l|l) t# th® fieittts gav® a half-lif® ©f 233 &ys» 
M^Qthw ®f gatolialtm with th« «©fai»at®t Ijy 
is® ®»^«ag® »®tl3,.@4s has h»m a®a»mi»®d mw tl§ Aaya 
glfini^ a balf-3.if® ®f li^0 t $ iaya, 
ftr# 'lialf-llf® i®t«i»l.nati®aa ®» »li©ft*Xiv®i ®o»-
f@a«ats ia Ito® flFSt a«mtFM irra€iat®€ g«4olliii«a aaapl® 
gair® «f 2% t 3 mi ?«t t O.t iaya {a«® 
Pigifti*® 161 • fb® «li@i»%-llf®4 fal,m®s war® ©btainat fi?«a a 
®@air@#it® twra' ^aft«i* th® a«|it:pa®%i9a ©f tli® 236 iay liii®» 
lail^ar aaaplt# was pmriflat toy iea emhmg» aeth«€a ©p 
s#diwi aaaJ^an ®xti»a«ti®iis. *®astti«««als wi^ aai wiMi©mt 
*«li®i «fea@i%er gav® t^® aaa® ifewt half-lif® Talm®#, 
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Fig• IS » ©©caf OmrTt for ffoa I«mtron Irradi-
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fig# 16.# D«eay ewv« #f 
Coiapon«at# Im 
Irradiat#i 
aefeivifey sat felt# 7«2 atfelvity prmm% 
ia lai® ii*r*4iii%«t f#i* 85ij. &#ws s«f«j»a%®4 m m 
l#m •t3E@haiig» @@1«M {«®@ F4gwi»« IT). 4S »#parati©m 
wat •igto.t iajr® aft0i» tto.® wai p®a&T®€ from 
•fe® ftl®, «i®. liai i®®af®i t© a %m 
iist®a»it|', ^««® aetlirtti®i ©taaot %•% a»it^®€ t® «i® 
«w® «l««®a| aa m» f»t iay attifiif pr#«®i®i tli® 0mm ®ff 
fe® #©!•»«•. fi»l&»»iir® ai lit® |.I 4ay aetlvity dii n®! 
gptw baek iat® t&« aetivlty a pai'®iit*ia«^t®f 
Felatiesalilf 4@®« mt ®mii| wim this pair, tt® aiaigaaaiit 
@t tli®.s® &##iviti®» will fe® ii»®m«s®d latar. smffi©® it 
t@ ti^ tliat tt® «3ef®i»ia®mt @#»dl>®i»at«s tli® aisi^^eat ©f 
tli® III t 3 kmm m4 7#2 iay a®tititi«s t®.t«@t®p®» ©f gaio-
IJjiiwi ani t®r¥im i»®®p»®tiv®ly» 
sa^l® ®f §iji;% w»i at tk® ©ak Si%® 
fil® im m& ir®®k. ffeiii li^^ariaejat was freswtti f©r tw® 
r®as®tta{ first* to check tli® 'Ksparatieii aai lialf-liv®® ®f 
tM® sli©rt»liT®i aotiviti®« mi. §mm4 to t@«t f®3? tli® 
fi»®»®®®® of m® latter amelid® with a horn lialf-
lif® was «m»pe®t®i aiB®® laaarim wa# a te®«a iapwritf ia 
tb® 'Qr^0|i aai tteL® slew n«mtr#a ®aptmr» trosa »®©ti©m for 
tk® pr@@®»s {», f| i» iitpg®^ r®p®rt®i as ESQ 
Ijariii (301# »« t|. t 3 li®*ir atti'S'ity was thengiit t® b® 
a ®«feiiiati®ii. @f 1^7 k0w a»i 18 komr 
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IPOO' 
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70 40 30 
Days After Bombardment 
20 
Fig., If., Qwpma • mwp and 
f.i my A&tititim J#i>arat®a 
» mtlm lEthttsg® 
7®-
4« wa« Mtntioati ©arliai*, Mmlgta ®xti»A<ifeloa 
©f i#lmti©aa ®jf fatoltaiwn ii.i sfe.©w III® pp«««aef.t 
.©f fey lanlf-lif® m& mmg$- ii®a8w«®a%«# 
©f tli# ani .gatolialiM 3?ipa®11®ii« oa m 
i©a ®x@h&ag« e®luwi, taafa.®® w®f« »0iiat«d f©i» hftlf-ilft 
wl^ a te&if-lif® Qt 
7#t iaya. ®it gaAtliaiisa activity Aitm tk® s«pai»at:i®a ®f 
galSJ a &a3^f-llf® #t kawa. 4gaiii a® gip©wlli. ©f 
tfe® 7,t €ay aetivlty iiits© %li« gaielimiia aetivity waa 
©tea®rf®i» 
e^iti.aal 4fe#<si?ptl®a ,i«aaw®««a%» 
SFltleal at®@Ff%l« mmsmmmtM w®r® i«»tfib®4 la 
i»tail ill 1$jfee .|<i®a%lfita%l®m ©f «li® Sm 1 x-f»ay f3?®#«nt ta 
t&® pr©€ms@t toy d®mt®r«s fe®«feai»aa®at ®f 
If m® m-ray pr®s«at ia -ii# d®tay ©f m® 136 ^ iay a«mtr©a 
ta€me®i gaitliniw 'attivity i» aa Im x-ray, tk® a®tiirity 
h% ^® p®saiiill%y #f an (a# p®a@%i©» 
proimsiag im iiapye'feafe.i® wife fil® a®ati*®a® at Isast 
t© fefei® •xt®at %mt tfe® 23^' toy activity wa®^ p,r©ime»i# 
4teaoifte®fa @f mvim aai fi»a®®«4yiiiw ®xi4®« ia m 
®m®p-fapaffia s©l.atioa ir®F® ipl«i la alwia«t mpB gifi&g 
a ^ia aaliariag Xay®i?.« 4fea®j?fe«i»8 ©f 2©,'^.O, 60, • fO, ItO, 
X§Q aa« IS® »g/ea^ ©f %k® vw ©xii® w®i'® plated 
la *®pi^im«l.fel« p#®iti'®ss te®t*®«a th» aaapl® aa€ «®aat®'i». 
ffe# m%i^  &t Iw Im etpltm mi. 
prmmifmi-m i« t/^*f Ca®« ftkhim fl), ®ef«i»ia<Matally 
rati© wm l/l#l, A» giv«a ©ai-li®!*, tb® nam# rati® f@i* 
.gaiellslw trm b©abai»d®t amrtpitm was l/2*t# 
4# was »ta%«A aarlier felit »atetya#tl« ©f th« »©!•» annrgetl® 
f-ray ean»©t a«t» «© tk« ostpt^JMmtaX rati® appF©a®li«i. 
1 wtkWLmr thm ' f4a«<i tfeiia sxpirliaiiital ®vid®ae« 
idamtsirias. tli» x^mj «» di^iflaatlag ia m #«r#pi^a aa«I«tts, 
t|6 activltf is assl®a«t §#^3. 
m&pgf mmmwmmtM 
@®pf®:r, tSa anA 3.»a<i ®w?@« #a la-
i|.eat®t -libat a 106 E«v f-Faf was pr®t«m% ia aiiltiom fe® 
^® «m*»©plwi E x-jfay• Hi® ®©pp#i» emr¥® «n4 imbtpa®ti©ii 
ar® p,l®tte4 is Fig»« IS# fet* iieatw^i»«»t was aad® ©a t®!® 
p®ak l^aetiea. ®f gaielialim' pwifiei lij i®a ©xeliaag® ii0tli©i» 
Cset figw® 13)« fia- lad l«&4 ®mi»i'®» ga^t® a slailap mlm® 
f«ip til® ®a®?gf ®f th® ga*ia -raf • 
4« ^® 1 e©av®r®i«a alaafepom® tmm i&® 3.06 t.m f baf® 
an mmgf ®f 0 l»f, tto®«® «l®®ti»oaa ar® a®t i®t0©tei 
iiai®i» @i?iloai^ #©«iitiai ©oadltiea®* liir©piWE I. x-raf® 
aii4 I* ©©a^araioa ®l®®fr©n# aa?® pi»®s®a% la tk® de@«y ©f 
M«3. lift, mhsmptlm 9w?m witk ife® ®l«@%F«m® aagaetitallf 
i®f3.«©%®i fwm fe® gav® a ©©fflp©m®at aft®r smfetra®-
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Copper Absorber (^m®) 
fig, Oopgor Absorptiffia 
G(ii53 Radiatioa»« 
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in. alwlaiw, 'atis .b,alf-tlii©lDa«iS swrtspoiiis %© a 6*5 
3i-ray wiiieii agi*®®# ir®3.3. •!» @n«ygy #f am Sii Ii x-pay 
appartnlly la lii-gh iat®asity# fto« was 
wlt1^©mt %hm.glng tMt g««w,#%^i# %9%w@m 
umi sausflt. p®iat« f@y tMa s^h$mp%im 
wnyii wi%& %h9 prsfitm# &we'm mmp% for 
tM® fir^at tm ®it tiff®!*#.®®# 
fdr l®w -feitlm®®#®® @fetaim®4 fey s^abtraet-
img thmm witt. th® ita^®t twm tlio## wllkomt wkm fl©%1s«d 
ll&mwlf ir®r«m8 Ati#9^®r &i®tai®if glir® psmgm ®f %h& 
't» mmrnmlm. ffe® twm Itois ®f 
»®asti3f«®.#iit# ai?® ]piett®i ia Figi»#« If mit !§• 
4l«Biaw8 mhamwptlm ^mfwrn ®a a pwifl®! fpa©t£@ii mt 
thu 7.t iay t®rbiw iaii«at® th« attiTily ittays fey «ati«-
«i#a ©f a §»S® lev | Cat# UK A# fey 
atei@3*pti@a a f-ray ®f &*0$ M@w ia ale© 
P3?«i®a%« 
4 ,p ®f t.lt Hair aat fmwm ©f ©»@S aat 0.|J 1®¥ ay® 
at«©eiat®€ witfe tli® i®«ay ©f afe®rt-XiwA gat®liaiw»,» 
4s til® iat«aslty @f tb® %7 ®®iitaaiaaat was 
graali®? th«a -Bi® «la©i»%-iLiv®i gai®limi«a aad aa tk® p#a-
®ifeility ©xists tfe&t all of tlj® waa not rtaiovad fey 
tw® ®3ctra#tiims witli 3®4iia analga»p tkaa® amy 
a©t fe® ttxaet. ®fe® m&vgim ar® ia |;®ii®i*al agr®e«®iit witfe 
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aeWfitjr €»®ajiii,g bj of O.fS p and 0«©5f 
aat 0»3S Mm 
B»mj $&hme @f ®atoXiatia-i||# 
,4» given la Figw# it, AmmyM t© m 
K eaf%m?« «i4 tlifit %:© th® gp©mA 
atat# 'by .f»mj Ssif-tyiaMiialli' f-i*ay tawgy 
wa« i»%®rm4a«d as 106 lair ia mmttm l>#ai»ai*dat 
gftdelinlw mA-10.1 Eav la fwm tamtwoa li©abai»d#d 
«mi»©piw, , It ia aasnmat twm Ifeasa falaaa thmt tMi fr&j 
ii tb.a saa® aa t&® l©t Km' f-rmf sp«ety<w®tyi@all|r 
(101 and aasigaat t© 
fh# M#ily ®0a¥«i»t®t fmf givaa yla® %& btfe 1 aad I, 
®l®ets»@B gi^mpa. Mmmmv, the E ®©aif®rsi®a «l®«tF<sas *«f® 
mot d«t®#%®i, l»«®atta« %li« Im •l«tfer®a ®a»i*®r ®f !©• 
d#®s a#% all®w t® g® tsteougfci a thia wiad®w. ffe® t 
x-?itys. aad 1^ •l«atip®aa ®«ip,rii® tha l®if •a«F©r I'adiatlea 
Is®® Figwai 19 aad i©|# |b« F«ag@ ®f tli® alaatrsaa wad 
half-thiateaasaa ©f %li® yyi^a la alwiaw ar® gtmn la 
fabl® 
Si« »«i« a»s«iiil|'j» vaMatel® gat® »®t%iagj» gaeaetry 
«®aditi«a at®# war# *s«d ia %li«s® 9@iaeid®aa« d®t®iwina« 
ti®a» a« ia €bi#i® ©a %l»t gadelialm a©%i*iti®a prodmaad ia 
d®mt«i»®ii fe»iitoard«d aarepimt ft® waa ®irap@rat«d ©a 
a fewvai»'fil« (0.tl§ aad tb® saapl® feaM ia tla@« 
-f8» 
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m t (©/»)• !«/»)% Coin.Rat® xmooTv* » • » , iola.iat® fkm/mim S/ais ©orr. 
0 li.500 %?6 o.ils 0.139 1.937t.03S 
ta tfoo l|?6 ia33t*mM o.osa Oa3S 1.0121.023 
J .0  ti% ITI i.oij.3!:,fts Q,m 0.13a 0.S3?t.0ti 
6»§  lOfS .^n Q.mk 0.137 0.i}.02l.019 
?.| 81^ 0455^.01? 0.017 0,137 0.2911.017 
10,? 685 0.396+,016 0,011 0.136 0.2391.016 
154 606 0.3331.013 0.019 0.135 0.1791.013 
t6.t • 535 i}.66 0.2681.011 ©•©17 0,133 0.1181.011 
5a 4 5U 1.63 0.261|.1.01i 0.016 0.128 0.I20I.0IQ 
§oimeli«a®®a m$.% aaa ©sew wltli thlokneia®® ©f 
ag/w^ m0 %T !»&#«€ oa th@ 
iaoajr sebM* gi'r«ja in figwpt 21 aad raag®s of 3?adiaticas 
as im fabia d©lm®id«n®0S batwaaa the 
f-3?ay aad K as iignlfl®* Ito® sl«ml%aii«0tt8 ob-
am'fmm of a f-]pay ia ©liaanal 1 aai E x-paj ia ©haxmal i« 
4s tto# padlalfiema ay® n.ot ab«#i*b@4 by th® alwisiaa ,f>i*«s®nt 
©m •itb®!' .fhsuoBtlg X|£Y ®©in®ii«ii©®« tarn alsd b« ©biarvftd# 
Aftef ambtfaatiua of tti«s® rntmMm&m and i»®pl©ttiiif th® 
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thi&knmM ©f 5#T ffels ®©map«sii« 
t© & 6.1 K»ir x-yfty ma# tliit ©oapoaent is 4m® fe© £. x-my 
fttid % 9<»i&«idm@®»* 
4f%» this ®&mpmmt i« anbtrmetti,. a iia® wim a 
fealf-t&itteess ©f 3.«|. m$/m^ ®f laaaimm em b® ^rawa 
tl»'omgh %h.» .r«aimisg ^©iata# f&i« kalf-tiiittoaas 
0®ry®»p©ai» t® tfe® f% !#<? ®3.®etroa gr@mp aat tfe«s# p^iata 
aria® 1» •|.®.eti?o» aaa ,% ia eQisditm#®* Siae® %h@»m 
«0fflp®ii®3ata @«fi U« ®Eplaiii#i m tJt® bails ^©f thm teatatlT# 
deoay taeay' s^ipi® is a^stamtiatsd %j this 
®j£]^®r|jii®at* 
Hi® i®@ay a^iQe® la frnthmr ®©n»@boi»at#d aa©^®r 
s®ri®s &f m0&3w?mm$»* im Wits ®xf®ria«m%^ aimium f©lla 
w9r® add®i t® ©feam®! 2 wltli a© afes©rb«f»« te®few®«a ttot® 
aaoftpi® a»4 ©©natar !• Aft«r tsfe® ©©rraeted' 0©ia©id®s®® rat® 
was pl@tt®4 (f«« Flgmr® a stral^t iia® «@apoa®at waa 
i>r®saiit dm® t© ^®% 
4em©®». 
Aftar smt»tra©ti@a of tMa ©«wp@m«at fs#« figur® 2%) 
a strai^t lla® wlili a 'lialf-tfeiicfca®#® ®f 6*5 mg/m^ em b® 
teai® mrm0. aia©^®? t#t ©f' e©ia®iA®n©® points# tfeia 
half-t&l©tai®a« ©©rr®®p®®4s t© tto® Ii x-ra;f aai lii® ©oteei-' 
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V E»6.5 Kev L X-roy 
0 ' 
1  1  1  '  1  ^  \  1  l l  1  i • H I  t  •  1  it 1 1 1 1 'i II ^ 
n 20 30 40 90 60 
Aluminum AI»soi'ber('''5^')in Channe! S 
fig* III* HaasmreiBonts m mW3, 
©f tliis ©©»p®a«a.t a straight Xto© 
®aa h» 43emm ^3?©i3^ % groap @t ©©imeti®»e#« ia-
wlvlBg L b®lag ©©wat»i in 2# ft® o©im-
ei4,«ie®a ay® to® t© ami. ^ ^9 m^i^ttma 
#i©t&®? i®t«»4iaatl©a with iimf-fl«4@iit iUa !!©•&, 
t® utoserfe ®v®i»ytMmg «x®9fi Mi® l®i i:®f f-yay 
tid not gif® & »®asw®tol® ®©iii®ii®s@» r®te ab®ir® hmk^om&. 
and a®ei<i«n%als» 41»® tli® li ®0av»$l@B «l®@ti»©a« «p« th® 
©aly ®l®©%i»®a gp©m|> pi»®#®at a# »®f/l« wat a ©©mataat# 
to %h® toasis ©f • tti«s® «x^«fta®atal. Qi® 
t»ta%iir® i&tay a«li^® ©f a« pi»©f©#®i mrliw C»®« 
Figiir® gt) i» %hm Tr®ififi®d» 
Vmtrm and @®mt®F©ii lo^arSsd Bsropiw 
Swir®y ©f fy®fi©m» W®i?ii 
4«' ® sttr-y®y ©t tM® p@3Pt-Jja®at w©i»te ®©B®®imiiig th® iong-
liv®d ®«y@piw attif'iti®® wa« giwm ®ayli®i», ©aly a f®w 
statsaaat® *13.1 to® «ad® b®f©r® th® ®xp®i'to8».taJ. w©rk will 
fe® dl»@m»s«d# I.®ag-liir«d a®m%j»©iB isAm«®i a©tiirill®* la 
©mifopiiBit (111 »® a»»i®a®i. t© y?| ami' 
<5*i|. 7^)* f-i*aiiatt©a» ar® tmlt® ©©mp1«r wlife afe©at 
33 ®®»if®s»#l«« «l®®%i»®m lla®a pi»«#®nt la a aixtw® of tfe® 
tw© is©t@f^®s (tl|-#^ ©a® ©r b©ife ©f ^® nmelld®® d«aay t© 
m mkmm ®*t9ii% hj E-®l®®tr©» ©aftw® 116)* *© »ati®-
-85 
imtQWf d®0&y h&M b#«a as y©% m& will 
pT&hmtf hmm fe© wait m.%11 0iiri«M«€ ar# availabl#. 
fwifieatiea &t Aotlvitlas 
4t tas.® tlffl# th« stttdi®,* w®ip® startfd, nm^ &t tii« ia-
foj?mati©a Jmst giv®ii waa aot te®wa« &« of wli«ttoi®j? 
al^t to® fow#d p*'®f«i»®iiliial.l|' la a 
or 'dtrnteF®® li©al»ai»lto®iit .©f ®w@pi*w ap|>®ai»«€ worfe. iav®®ti-
gatlng# If »meli w«r« tfe® ®ms®, a «@iB^ai»ia©ii ©f &@.ttirltl®s 
f»i»©4tt®®i by til® tw© »#tho<is ®©«14 fe® ©f mlu® in assigalng 
liaif-llv0s aa-d ®n®j*gl«® t® Wa.» fartiemlar i#©t©t«® iawl-rad# 
SaaplftS ©f lag©ii, ©rigiaaily sepayatad and pmrified 
fey !• ». leSoy, ©a ®p«©tif0.gi»apM© analytl® iniieatad trae® 
aiBOTOfta ©f »mmivm aad gad@liaitw w®i>« pr®«®nt# 0ii« 
aampl® waa given Sfi »i®r@aap«i»0 li©w« ©f h&wta:wiMmt wl^ 
l!0 Mm d®mt«r©n» by tli® B®rk®i®y ©yel©t3p#a» Jli« 
©tti«r stopl® a pll®-'laawlrQ® tooiiia^fc-siife at O^aJfe 
aidg®# B®tte safflplai w®F® agala pwifl«i aft®i* boafeai-toant 
by a »m©©®aiiom @f BiSt* pr@©lpltati®as* fli® @c»pl®t« 
©ii^leal px»©@«as i» ©mtllnad «af J.i®F la ©©««®©ti©a witfe 
tlj® «®parati®a of gadeliniw amd 
•SaXf-iif® li®aa«3?i»®at® 
lalf-lif® d»t@ip«inati©ii« witb aa @l®«tro»o©p« now ®x-
t®ad oir«i? $$0 days C»e« Fig«?® Ifet® ©wepiwa a©tivltl®a 
pf»©du®®d by d®mt®i?©a bombar'iaaiit way® »®asmip®d wi^ aat 
. 1 ' 
iOp j—EuCn,^) Eu Tx6.6years 
-—"O ."'QO-O-' "' Qp, -A-. " -
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'—^—i-o- •'•'<>• O'liOi 0—0-
00-
"O 0 o "O-O-
-Eu(d,p)Eu* Ti/si6.9 yeors 
Added Absorber of 0.84fl/sm' Al. 
± 
KDO 200 300 400 500 600 
Days 
fig. mmf §mfm tm trm 
S«u%y®a .ami. iw&dlftt## 
-8? 
•withomt afe»o^#i»s giving, th® ®f 6.f ani 8.5 yaara 
. 1^®: ra#iation,a fi»®a a«m%r«a iii4mft#€ tmrnp-
iw wittoiout afesoffear d®«afs with a lialf*lif« ®f 
•6f6 fmm* fh«s« rmmlta ai»# #©ws# a #©afosit« ©f 
iaA. half-llTti aat tlia *«ai«ir«mfes' Ijat® a®t 
®#n%iiim«i long tmorn^ t# giv« talmas wM^ art Talia, 
Bi® fasmlta a^a %e3.i»ir«i t@ to® witliia 
Bi«i»gy l®a8w««iita 
4te«©P|>ti®a eurv»i #f fe# •ra,ii,atio» ia laai, ©@pp®r 
aai aliwiiwa Ao n©t yieli ame^ iralmatol® iiif©i*ati©a for 
•|ii«s® ameiii®® sin®# th® «®sfela«i a«1;i¥i%y ii «© •adapl.®:^ 
%%&% mlj a i?OMgJi avt^ag® ®f tk® «a®ipgy in m&h @n»w^ i»®gi©a 
ia ©btaiaad,# ffe® vaXm® f®F tli« gaana raiia%i®a« from l®ad 
atjaoipftiea «ttrv®s was Mm ani teat fo?' tli® l3a-ta radia­
tions. toy a,l.«*in« ates®rf>ti« ©mi»v®« wa« 0»9 Mm ia a,®p®«a«iit 
wi«i jj^lialiaA ate80Fpti@ii iata 
AM a «€wpari«@m ©f tli® ii®m%rto md 4mt&rm pfodmead 
astiiritiea, alwainiw afesoyptim ®mFir®« w®.f« i»m ©a botli 
m4m id»ii%i0al g®®M®ti»y. II ©aa b® s®®a fi»©» Figw^® t6 
ttiat tk« %w© imi»f®s af® aupsipiaptaabla# 'fern®' ^ ®r» it aot 
mGu0iL Mttmmm in tfe® i»alativ® aaemt,® ©f mi. 
aa pi»®<lm©®i toy tw# ii,ft®i"«at ,ffl«tk®ia to b® ®b-
s®rf«A ia'tli® ab»@*»ptiea ®«rv®a, la a s,i«ilap 
way til® l«ai aba©rpti©» ©larv®# ar® ®»si®itially id®ntioal 











Mass 4Miii»«nt 9t 
4 236 imj pi»@duced in mmtwm iw»adlat«d 
gad©liat«» Is as®t®a«d te §d^^^. 'ffe# aetivltir d«®aya toy 
l ea^tmr® and tk® Fasmltiag x-pay ka« hmn Idaa-
at tka I x-ray. 4« aad ara 
^a @3QiXy iim@3.ld#,» tkat saa da«ay %& a atatol® ®w©fitia tke 
#k©i«# i» %km» lialtad, flbia (a, 2ii) raaetioa n®e«sa.-ai?y to 
pi?@dmQ« ia ti&% iikaly wl®, pil« m.a«itaf©ns« 
Saaad ®a ».iai,la»i^ ®f kaif-li^aa aad f-ray «ii«jfgi®s, 
&m ©f l®n.g-liv®t gadeliiiiiia aetivities pr©dm®®d la 
d®mt0f®» k-mfeardad •ar®piH» a^paars to k« th® sim® at that 
aatlgatd t® &® a«ilpi»®ii% ©f ^0 @ik®F attivity 
to ia l>as®d ®a 1^® f®l,i®wiiig f^^ia«a, Fli?at, as m 
mmxmplwa. x-i?ay it ass@©iat@i witk tk® i»®ay ©f tk® 1§Q day 
a«ti¥ity, tk® p©pail>3.® ®k©ie®» ar® iiaitad t® and 
§41-51, s®®®iid, 1^® assigameiat of tk® ISO day aetivity to 
id^^3 i® iapy®kabi® aia®« tk® aotivity was not obiar-ved 
ia m®uti?oa irradiated gad©iiat«««. foaaifely #d^^^ aould 
ala® k® fi»©dtt®®d ky kiife ®a«i»cr f-radiatiffiPt ©f gad©lini«t 
aa w«ll a« faat aamtroa k«aftt«Fda®at tkaa pi^evidiiig a ©k®®k 
©» tk@s® ®ks9rvatio»«. 
90-
^9 feaif-llf® 3.^© toys f®i? ia a eal«mlat#i 
falma %«aed oa ^ ^hmgrnm im 1^« fatioa &t f-r&j intaBSitiea 
mm a i^i>iM of %ia#« As Mi ^9911 st&tai aarlioF tli@ 
102 Km f-raf la aas@®iat«i with, th# 4a#ay ®»f aat 
iKhia 265 E®v f-Fay with a pmw%^<i ©i S9  ^ Aaf.» 
int«i?v#ml»f toppar afe»in?ptl©a smrtaa glva a patio of in-
t'®n.iitl»i of W&» 103 Xav f-yay to %h% 265 Mm y-fay of it9 
at t • o and S»1 at % » S'fO 4ays» Ilia followlag atmations 
®.ait feaa'lt®' iolf«€ for tfe® .lialf-Lif® ©f §4^^^# 
at t •• 0 4aa »i.aa • 2,*f 4at %«i 
at t • 590 ®s»a • H^fi, 
4a» »aaa ® 4»a %«a 
4ai' ®iL®i * 4a4 ®iai3fc ® 
or f| « 1.50 iays 
•|li« oaloalatai lialf-llf® «p»®®s wall *itli what woml# b® ®3C-
p®et®id fi»©a tli» o-ir®fall. t^oaj owfos of th« gaiolial«i 
a®ti¥itf f3p«m d®mt®ip®a b'^^a3rd®i ©wopim (««® figura 1|.). 
4ppa,i»«iatly the prooass ©os-wa t© about 
5^ of til® -til5®#^^ pro@«as. 
In aatloa axohaag® ®xp«3?ia®ata, th® ?•! d®^ aotiirity 
i» almtai Jmat prioi» to gadoliiaiw frattloa. ©i® i»®ia-
tlv® poaitlou of til® aetiTltf p®al» la 8i® ©lutiOR'OW^® 
womli iiidioat® t®i® t.ig iay aativiti' i« a t®i%iiM Isotop®, 
©a, f»2 iaf^ netl^itj are In Hkgwrn-
«®at witfei tliose f<ii» a to t attlirity assigati 
t© ^^^3. iiy lnir«st;lgiit©rs,. Si® by Tir%tt® of 
Its i*«lAt4®»sMp witli atmbl® »m«iii®s aast fet&t® a ga^oliml.tta 
par»nt» 4» ttoi® 7.t €«y aetiflty ttmtftttvel.y to 
hm^U iat©, tfe® l8 %® i|. hmm gai.©liala» 
fr«@ti©a tmm liiltk it w«i thi« gat^lini-an 
iimoli<l® «&aiiot: t>® tM# psr#®!# Sais mnM iniidat® tfe® 18 
t© 2l|. hQwt a®tivity I# fttotp iiif®®tig«t©3?a hat® 
a 3.;6 aimmt® aetiirity %# 
Ii.iaitati@iis @f Stmil®® 
ffe® •ii.®rgi«s ®f sfftiiatiDn ass©@tat«i wife gatoliaim 
a©tiirtti»» w®?® t«t«»iae«l.fey ab«®i»p%i« ia ¥ari©m» el«»®nt»# 
fli® liiBitttfclorai ®f this &P® w«ll ioiom i» that 
»i»il&i» ®a®p®r l®'f®l0 ©toiiet to® iiff0i*®iitiat®d» 
«i»poae0m« mlii«s aay r«amlt la i®t®i»raiBati©iis with 
»l«i«jat® having a'K absei^tiom ®ig« sli.#itly l®«s than «ie 
®a«ipgy Qf th® f-ray in i|^«ati®»# Sh« Fang®® ®f th® ®1®®'-. • 
tr®a gi*©ttp8 w®r® •stiaatti fismally. 
m& half-lif® valtt®» i®w mi. ®f® h®li®t'«i 
t© h® a®ei»at® aa th® ®l@©tp@»©©p® wa» •xtF^aly atahl® 
m&T tt® f®i»i@i ®f «®as«f«®nt.* »® Zk t 3 how vaim® tor 
0il59 i« in doiiht toe@ams® ®f pessihl® .@«itaaiiaatioa 
ani th® usual iiffitulty in a®a®uring sh@ft-li¥«<l aetif-
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A 236 mmWm ia€a<i@d asfeivity in gatolisiwa 
pwifled toy l#ii •m&hmgw m@th0d§ i® iii#igii«4 %® S#^3-
A stimpl® i®t«y ia pF©p@s«S la iftiith m® A«©ays 
to an mastabl® %j g #aptw® ami tli«a t& t&® 
p»«mi sfcat® by ®ai«al« a 106 fffay# f-ray 
i« hii^ly Imtamally e©iiv#Ft«d giTiag ?4#® t© 1, I», ani 
possibly 1 «l®e%F©mi# 
A .t 0»2 day mA IS t« atti-^ity pi»®s«nt la 
tM® ii:®iitf©a IwaSiataA gaielijai'tta w«p® s®parat®i m aa ien' 
©xeliimg® eelTSwi# ®i® 7*t tay aetifity assigaei t@ 
4®0ay« by iwlaslQB ©f 0,-S© l«v p amt O.OS Um f* • flit IS 
to 2^ libw aetivifey t«.%atlT®ly assise# %o i®oay# 
by ®ffil.»,sl@ii of O.it Me-r p aai f-ray# of ©•Oj^ aai 0#^ Jf®f. 
lalf-llf® B®a»mi'®ffl®nta ©a gadolinlw pi»o<ltt®@(i by 
i®mt®r'on b©»bai?ia«iit ©f ®wQpim ®xt«ii€ ©••? 600 #ay®. 
fto® a®fei¥ity i®®aying wltti a half-Ufa ®f 1^$ days Initially 
ia ilciwly l®ngtli®Biiig int® a l@iig«r li.alf-life» A 265 Km 
Y^ray is i®t®©t«t in aiiiti@» %® «i® 106 E®v f-ray ppavio'tts-
iy f©mt ia .fh® 26f S«ir fi»ay is a»si^@4 t® 
wM@li dmatfa with a fealf-lif® of ISO' taya# "gbis iialf-lif® 
ia bas®4 ©a rati®# bf Idi® 106 !«• f^ay t® tb® t65 K®^ 
fray ®b#«i"»®i ©v®r a 600 <lay p®ri®d. Si® d®©ay »®li«a0 ©f 
q^ 151 appears t® b® t® @aiy tb® 
i65 K®f f-ray pr®s®at in tb® i»eay. 
oa -ami p3r©iw«®ai t>y 
»®m|r®s ®f S%% giv® 
tiailap ip@smXt®n iatieatlng IKhat th® ia»® i»ati0 ©f laetep®® 
i# pr©4m@®t la th® Iw© Iwaiiafeloni# lalf-lif® aeaamr®-
m@m%9 m tli® iaapl®® of ®x%@b4 
giving irattt®® ef 6*6 t® i.,5 f®»s. 
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